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PHEFAOE TO THE THIHD EDITIOII* 



The third edition of the Stand?:.rds has hecn rovi M:^d 
on the "basis of new knowledge which has "been collected 
through application of the first two editions to practicot 

The construction of the Standards is now clearly di- 
vided into definitions of standardized dof;i-^nn of throt- 
tling devices and their standardized inri tailations , . and 
guidin? information which is to he considered when devia- 
tions from the standardized nanufacture or the standard- 
ized installation occur, Throut;h this division the ap- 
plication of the standards in practice should he simpli- 
fied and, at the same time, their range of use in extend- 
ed to those cases that are to he handled with low roquiro- 
inents for accuracy. 

Per the simple and convenient application of the 
Standards, now Data Sheets have been compiled, giving 
clearly the essential diar^rams and equations. Handling 
of the Data Sheets assumes a knowlod^jo of the text of the 
Standards . 

In contrast with the second odition, tbo third c-^ii- 
tion contains a series of chan^^es of hasic si^^ni f i crnco • 
Reference to the 191? standard no^i:jlc hns hoen droT)pori, 
since this form will hardly ever bo used in the futr.ro. 

The discharge coefficient of the j^t^.r-dard noz:^lp h'^s 
hcen nov/ly investigated for ratios of arr,ar> n > O.t up 
to m = 0,54. Those Investi-jat ions havo shown that the 
dischar^^:o coefficients for m > 0,?5 are lov/or than -;iv?'n 
in the first and second editions, and that the hasic tol- 
erance for ra is to he increased for hi?h values of n. 
Figure 2, Data Sheet 1, shows the design of the standard 
nozzle for m > 0,45, and Data Sheet 5 ^^ives the new •ii.^- 
char^c coefficients a. to^?other v^'ith additions and tol(.r- 
ances . 

How invGsti*;at ions have also hecn made on the standard 
orifice. These have confirmed the dischar.^o coefficients 



This translation was made hy Mr, Lyman K. Van der Pyl for 
the American Society of Mechanical Enj?ineers with the por- 
mission of the Verein doutscher In^^eniouro. Thn chan'-^os 
and additions made to create the fourth edition appeared 
as a list at the end of the third edition in the ori--^inal 
copy of the translation. In this '*;:echnical Memorandum the 
WACA has incorporated the chan^;os and additions in the 
text and illustrations. 
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of thG second edition. Howovor, fcr hi-^V. vrilucs of % 
tho basic toloranco above tho tolornnce liKiit has bran iv- 
croasod to 1 percent; spc. Data Slioet 5. Tlao iir:ie:.rionn ci 
tho ntaridr.rd orifice have "bo^-n determined norp aoourr.tolv 
"bv ouitablo now proscriptionn . 

The 'bibliography lints, besides now pnbl i cat ?. onrj ^f 
bar.ic significance, only those ■n-hich have a '.perrad niuco 
the lar,t edition and which have direct Pic;nif i oance for t 
Standards . 

The revision of the third edition has bftcn undor fc-.-rcr. 
by the Working Conmittee, consisting of Mec.srn. 

Dr.-Inj?. II. Han,?en, VDI , Gottin'^en 
Dipl.-In'^. G. Hohner. VDI. Berlin 
Dr^.-Ing. I. Kretzschmer. VDI, Diirseldorf 
Dipl. -In'.;. G. H\ippol , VDI. Berlin 
Dipl.-In^. T. Sprin'^nann , VDI, Berlin 
Dr. Phil. S. Witte, VDI. L-adwi-^ rhaf oi. 

Sincere thanks are duG them. Spccinl thr.nkn r.ro dr.e^Dr. 
t7itte, who has a iain contributed the valuable baaip for 
tho third edition. Other collaborators are likowioo to 
bo thanked for their valuable cooporati':.n. 

Iho international standards of the I. 3. A. (lutorna- 
tional Federation of ilational Standard! zin^^ Ar: r.o ciat i ou / , 
BU^j'^ostod by the I.E.O. ( Intcrnation-'il Electrotcclvui c.-a 
Commi :v.5ion) , adopted at the last mrctini?: in Stockholm, 
SeptOTDOor 19?4. arc baaed principally on tho r,a;:;o Gcrnr.n 
invonti -ations as thone underlyin*? the VDI Standards. Ii- 
this way, a'R:recncnt of the VDI Standard with all essential 
provisions of tho I.S.A. Standards i:, .-^uarantoed at th<-> 
start. In particular, tho dosi->ns of the Gornan -t.-.idard 
nozzlo and standard orifice and alpo the discharge coeffi- 
oientr, arc the sane as those of the I.S.A. nos'-zln and the 
I.S.A. orifice. 

Flow Meter Conraitteo of 
the Verein doutscher Injrniouro 

J 0 r; r; e , 

Chai man . 

Oopyri':;ht 19r^5 by the VDI - Vorla*; G.n.b.H., Berlin 7 
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PREFACE TO THE oTOURTH 3ri7?I0K 



In the fourth edition of the St andnrdr- , th^^ oqua.tion 
and mako-up -ased in tho third edition -ire on .'ont i ullj^ un- 
chan*5cd. From cxpnrience and on tho "basin of r-ov: torts, 
few "but quite iniportant changes, as well a*: K?overal cor- 
rections and additions?, have l^een nado, Theno are con- 
corned principally with the diment^ion of the- o;-lin;.iri t^-il 
part of the 3tandard orifice {boo .loction 18) t \r- 

displacement of the tolerance limit in tho di v^ct on c.£ 
higher Reynolds numhera, (See aoction 48.) 

A short ejection on the porinaunnt prcrnurc lo^.'. in 
given a^'jain, as in the second edition. Also t3..e .^;K*tioi 
on tho conditions whion using nonstandard pro-j.sure tt/os 
is treated more fully as compared with the second edition 
in order to onahle correlation^ with foreif':;n invent if^ationr 
which arc frequently conducted with nonstandard pre mure 
t ap G ♦ 

j^low Motor Oor-attoc of 
the Vcrein dontsc':cr In'-::^oni cur o 

J 0 o , 

Ghai rnian . 



Oopyri?;ht 19o7 or tho VDI - Yorla^; G.m/b.H,. ^orlin, 
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TECHNICAL i.:SMORAlIDUM HO. 

STAHDAHi^s .FOR. .DiscHAia&B.. m::;.asu.r::::-:iit with 

STAHDAHDIZED 1:T0ZZL?1S AIID ORIFIjCKS;* 
A. STAOARDS 
: I - RANGE or .VALIDITY: OF THE Sa>AIiDAIU}S 
a) iPurpose of the St anda-rdT? 

•' !• The measurement of flowins: mediums/ "by tho pro:;-/-'r':^ 

loss they undergo in pansin^ throii^^Sti thro tt lirif; ; do vi t.^mt ' 
(noK?!los rand orifices) is in many and important t ochni c\l 
casen the only usn.cle metering: procoi^c^; in aduition , . i i 
an accurate and easy method of general /roolicability' to ; 
any ' f iovrihs; liquid', ^an/or v;\por at ;xny pressure or tcri-- 
peraturo - with the linitations sivcn in parasra^ihF! 3 to 1 

2. The metering procear. conjoints in unin^ nji a'meTr.-. 

ure-of the discharge the- chan^'^ie in rirev^^ rur^- ener-.^y of n 
fliiid flowing in a pipe of v.ariable croir/-nectional aroa. 
The enera;y law (Bernoulli) furnitVnen xia vrith an unequivo-:. 
cal relation *bet\^een the onor^y of pro^r^uro and the enor-i;y 
of flow. In order to ucie it, a reduction in area ' i s ' pror , 
vided in a pipe line "by Installing a throttling device; e.. 
conversion of part of the or erasure energy to enor4i:y oi 
flow is produced "by forcin-? the fluid to flow through thin 
reduced cross section. 

The following standards -sive the standardized formr 
for two throttling devices, standard noji^iles and sta-^-dard . 
orifices, and onahle them to ho \ised in circular pipes 
without calihration.' The definitions of t he . standards are 
applicahle in principle to. the calibration and une of non- 
standardized throttling devices, such as the venturi tube. 
The stando.rds are valid, likewise, as a haf^is for discharge 

measurements in the German acceptance standards.^ 

-j-— — — — . — "~ — — — , , ^ , - — — , 

"Regeln fuer die Durchf lus sme s sung mit genormten Duesen 
und Blenden.." VDI-Ve'rlag G.m.h.H,. Berlin 1^' , 7, 19:^7, 

^See the r^tandards for acceptance tests of steam turhinos, 
steam hollers, comp.rossor s , internal comhustion engines, 
etc., puhlished "by the 7DI-Verlag, Berlin, 

TjEan,i:lator7_s. note/-* The American Society of Mechanical En;: 
neers secured pertnir^sion from the Yoroin deutscher Ingo- 
nieurc for the tran'i^lation of these standards, on the con- 
dition that no translations were to be sold. 
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Further, they sorvG as t-uidos for inoar u.r oren^ r, in v;:.J. -'b. 
hi^h accuracy is not required and for thcr.e ^ervic^^ irua in- 
urements in which standard dcYices are used, though not i/ 
accordance with the standard requirements. 

4, For the standard nozzle and the :^tand-:ird orifice, 
the standards give the design and inst allnt 1 r.tandardc 
and the discharge coefficients, which aro c^uoati tut od in 
the theoretical flow equations to determine the. true dis- 
ohar§e or flow (discharge per unit time) from the mca nur ::(: 
pressure loss - the differential pressurf^. Tho cori-re s ;0!ic 
in^ tolerances - also called the variance botv:oen in a-? nav'^v- 
ments - refer not to the whole jneasurement "but only to t':u- 
discharge coefficients. They indicate the limits of our 
present knowledPio of flow proconsen and, in conducting 
practical measureir.ent s , rnuyt ho increased by an arnount io- 
pendent on the inaccuracy of neasurins the differential 
pressure and the density. 

5, A complete neasuring arran-::cr.ent connirts of the 
throttling device (nozzle or orifice) in^^talled in a pipe 
line, a differential pressure netor ( d i char^^co r^anonct er )^ 
and^a moans of conducting the pressure iron the throttling 
device to the diffrrential pressure metoi'^. To this may he 
added, if necessary, the auxiliary arran<.:oi:: ont n for mea;?- 
uring the density or tho values of the conditions, tcn-oor- 
ature and pressure, from which the dcn-,ity under t lowing 
conditions may he ootainod with the aid of the uc^ual la---^. 

6, The total tolerance of the dischar^;e r.easuremcnt 
varies rith the type of throttling device '.nd differential 
pressure meter as v;ell as with the typo of an-oli cat ion . A 
total tolerance mar ho determined only if tho" indi vi dual 
tolerance for the discharge coefficient, the differential 
pressure moasuromont , and tho density aro known. This is 
calculated as tho "average error" in accordance -ith the 1. 
for comhining errors, hy taking the sauare root of tho sum 
of the squares of tho individual tolerances^ (reforonco 15) 

If the individual tolerances (indo^Dondont of one an- 
other) are , Xg , X3 .... the total tcleranco is 

This may he an indicating or recording device. If neces- 
sary, it may operate an electric tolemotor or suT)i:le-^c-. t r 
apparatus f or . comput in- the total amount, int egrat i n^ ^ t he 
discharge against time. 
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In this, the individual tolerances are to l^e in pement 
(see Data Sheet 5) and it nay he noted that tolerance?, for 
values under the square root in the discharge equation 
should he halved. 

An example of stean and condenGate ru?ap''.ircr.cn t in tur 
hiiie acceptanco tests is ^?ivon in section C VI. 

7. The standards, not only discuss the stand-^rdizod 
throttling devices, -hut also hring out details of the pron 
sure piping and present a survey of the conTnercial diff-'^r- 
ential pressure meters* To set standardn and accuracy li:.:. 
its for these is not possihlo with the present active do- 
velopment of metering apparatus. 

h) Requirements of the Suhstance to 3o Moaaurod 

8. Discho.r^G measurements may he undertaken only if 
the density of the flowin^^ suhstance is known accurately 
under the conditions upstream from the throttling device, 
since this always enters the measurement result. On the 
other hand, it is generally sufficient to know the visco.-2- 
ity approximately in order to calculate an approximate 
value for the Reynolds numoer for the dischar.^o hein? 
measured. 

9. In order to use the standards, the material to ho 
measured must he in a pure phase when it flowr. through the 
throttling device^ To fulfill this requirement, for ex- 
ample, liquids m^ay contain ^ases or solids only in the dis 
solved form, and no separation of ^av> or vapor should take 
place. There should he no undissolved suostances sunh as 
mud. 

10. This requirement has particular si cjni f i canco in 
the m.easuremont of nearly saturated ^ases and vaporn, .ar:d 
of liquids near the ooilin«^ r^oint. It is necessary, in 
cases of douht , to ho certain that stoan remains supcr-^ 
heated and does not condense when undcrsoinf; the chan^^c of 
pressure in the throttling; device. 

11. The standards apply alr^o for colloidal solutions 
if the decree of disrjersion and the physical nature are 
such that the solution is only slisjhtly different from a 
fluid of a single phase (ruch as milk). There has heen no 
experience with thick disperse solutions. 
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c) Requirements of the Flor 

12# The I'lovving material nu^;t completely fill the 
cross-sectional area of the metering arran.^ernent • 

13, The diGChar^>e equations (see Eat'\ Sheet ?) ap'oly 
only for stationary flow* Conr,equent ly , the flov? in dis- 
charge measurement f3 with throttling devicrs r>ho\ild l:e at 
least quasi-stationary; that ir>, the velocity ^.hould • ch^n^ 
only slowly with tine at a <=*^iven place. In particular, 
there should he no pulsations in the flow as formed, for 
instance, hy a reciprocating piston engine. Very lif-lc 
investi-^ational work has heen done to detornino the r.iot^.r- 
in*; error due to nonstationary flor; this prror; therefore 
cannot he corrected. 



II - DESCRIPTION 0? THE STAIIDAHD IIOZSLB AND 
THE STAIIDAR'D ORIFICE 

a) The German 19^0 Standard !To7. :^,le 



14. The G-erman 1930 Standard llozzle was first known 
as the "I.G. Nozzle." Figure 1 of Lata Shnet 1 shors the 
standard requi r emont s for the outlines*^ of the 'standard 
nozzle and for the length and vridth of the pre r.s-iro - tap 
openin<^s, which may he single drilled hole.s or a::n\ilar 
channels connected to the interior of tho y.^ipe hy slits . or 
hy openings distriouted around the ci r cur:,i erence . (See 
also fi5:s. 5 -to 1?,' Data Sheet 1,) 

Th'V standard nozr^le is applicihlo to ;ill pipe di 'in;- 
tors ^ 50 ram, Tests have hcon conductor V/i'-h pipe dian- 
etors hotwecm 50 n/nd 500 mm and with ration, of' area in^ 
hetween 0,05 and 0.64. - ' 

With n > O.^.V5 tho profile of tho no iV' . i " to ho 
turned out, as shown in figure 2, Data Sh^^ot 1, until the 
diameter is equal to the pipe diameter D. At that point 
the upstream face of the nor.sle is tixrned flat. 

The downstream face is to he shaped in sxrch a way 
that tho downstream pressure tap is not disturhed.' 



Thej^e correspond essentially to tho standard forms in 
fig. 3 of the second edition. 

4 

m = --g , d = nozz-le diameter^ D = pipe diameter. 
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The arcs with the radii r = d/r^ and r = 0.3 d ;ir(- 
tangential to the cylindrical part of the nossle and to 
the upstream face of the nozzle, respectively. Under 
thspe conditions and with the ^ivcn principal dimenoionn, 
the middle xiolnt of the arcs definins; the acBf.le profile. ^ 
is located.* The two arcs join practically without a hrca.:, 

The small turned-out part (protective rim at the dis- 
charge of the nozzle) serves to. protect the discnar^'c odsc 
and consequently may ho omitted if no damage is to or 
feared. 
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15. The nozzle diameter d must he ^a'^o.d v:ith ;.n aco 
racy of *0.001 d. The cylindrical part of the ncr.;:lp she 
be turned with special care; auhaequcnt polishing h" bund 
is to ho avoided since the discharge coefficient is chan-e 
considerahly if the cylindrical part e:cpands only sli?htly 
conically toward the discharge end or is wavy. A sliciiht 
conical reduction exorts a loosnr effect. 

The nozsle profile ;mst he tostod -.^itb teriplatos. 
However, the radii of curvature m^.y differ frov: tho theo- 
retical "bv as much as 10 percent for m < 0.3 i-.nd hy as 
much as r-' percent for 0.3 < m < 0.5. However, there 
should he no hroak in the profile. 

The surface of the nozzle should ho einooth. Tim 
smaller the noz^.lc, the mere carefully mutjt it nade. 

h) The German 19^50 Standard Orifice' 

Id. The &erman 1930 Standard Orifice (fis;. ^' of Data 
Sheet 1)* is similar to the x'DI . standard orifice proposed 
in 1912. As with the nozzle, the diff arcntial pros sure 
may he ohtaiiied either with aini^le tups or with anviular 
passai;os. (Soo figs. 5 to 13, Dnta Shoot 1.) 

Tho standard noszlo may he used with all pipo di?,>;ne-^ 
tors ^ DO mm. Tests have l)oen made r^ith pipe di-..n-. -t ers of 
from 50 to 1000 mm and with ratios of areai-, m o ^' from 
0.Q5 to O.?.** 



Compared with tho stana.ard -'orn in fir;. of the tViircl 
edition, the limiting dimension of- the cylindrical upstvca 
•oart 0.02 D) is chan-^iA. 



For c n su r o r ■ onto '.r i t h v. > 0.7, v, o c v c f e r n c o 
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17. The production of the roctan'^ular cd?o on the -ap- 
atreara side of the orifice opcniu^ of dianetor d - dosi^;- 
nated hy arrow-s in fi^^ure 4," Data Shoet 1 - affects the 
discharge coefficient. If d< 150 rrin, a c-ufiiciontly 
i3harp edi^o may ho ohtainod with certainty if r. final hair- 
finc cut is taken off the upstream face, wcrkln;: outrard 
from the orifice; if the upstream surface im turned fir.^t 
and then the orifice, the cd^;e will' not 1ki absolutely 
sharp. The larger the orifice dianeter, tho more al'lowa- 
"ble is a hreakin^ of the upstream Gci^^o , viaihlc to th.-y :".aked 
eye. With an orifice diarnoter of d $ 1^0 nr., it i r- thrr-;- 
forc perr.isfsihlo to break the cd«;o with emery paper. 

An edfi;e nust be considered as non-r,hnrp, '.rhether' dui? to 
poor worknanship or to use in service, if the ar. snnr.t i on r. 
nentioned are not fulfilled - thus, if with d < 150 r^n -v 
ray of li<;ht +-allin(^ on the ed^e is distinctly noticeable 
visxially, or if with d > 150 r,n, the eiUjc i"; distinctly 
broken. Por such non-sharp eds^es, the discharge coeffi- 
cient must be increased (Data Sheet 5, fi'-. ?4b). and in- 
creases in the tolerance (Data Sheet 5, lif;. 24f) r-nKt bo 
made if there is any doubt of the oerf e t inn of the .-ci?o 
Gharpnoss, 

The upstrcan face should bo smooth, at least near the 
upstream edge of the orlfico. 

18. The orifice dianotor is to be .'-nasurod n.-ith a tol- 
erance of ±0,001 d. 

The i^lato thickness should bo eqixal •'■■o or le^s than 
O.ID and the length of the cylindrical uT>?treaK -nart should 
be equal to or less than 0.02D. Iliv d ovvn u t r can beve3 jm«t 

greater than 30° (usually 45<^), In order to ovoid a 
sucking-back of the jet to the pipe wall. 

If the plate thickness s ^ 0.0?D, tha bevd on tho 
downstream of the orifice may be eliminated, i.e., the cvi- 
indrical length s' of the orifice may be oqupl to s . ' 
In practice, this occurs when usin^- lar^o pipe siscs. 
^ ... 

In the first and s^ocond editions, s' 'i-. ^'.OlJj vra? ijivL-in 
as a limiting dimension. In the third edition, this v^iue 
was raised to % 0.04D in order to comply -,vith many wishes 
of industry. lIo'.v tost results (reference 14a) indicatj 
that, with this value, the dischar-:;c coto^ficiont is ar-oro- 
ciably chans^ed. Consequently the value iras reduced to' 
s' < 0.02D. 
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c) Common Construction Details 

19. Fi^'ures 1 to 3 of Data Sheet 1 *^ive up construc- 
tion details; they show only the details for the surfaces 
lyin^ in the flow npaoe and for the type of pre?sure tap. 
With annular chamhor prer^sure taps,. the opcniin^ of the an- 
nular slit should be small compared Tvith tho area of tho 
chamher so that an equalization of pressure may take, place 
The answer to the question as to whether the annular' '"h^.u- 
hers or the single taps are to "be preferred, dopcndo on 
tho installation conditions. (See section III.) 

^^0. With single pre^^sure taps, condensates nnd tho 
force of capillarity may falsify the measurement if the di 
ameter of tho tap is too small; for example » in meaGurin:; 
steam vrith overflow? chamoers for the condensate, the taps 
must he at least S mm In diameter if the upper chaiahers of 
figure XIX are used, thou£;h the^ may ho c.naller - ahout 4 
ram - if the condensate pots on the p?ide are Ui^vd, ' Ai^ .:i 
result of this requirement and that in fi^jure 1, Data Shoe 
1 that the width of the pre^->sure tap % O.Or^l) ~- only :iziaxi 
lar chp^mhers are applicable for standard! i^ed .Ueam me^^viro 
raent in pipes of small diameter. 

With annular chambers, the pressure tap slit [Should b 
as narrow as possible in order to equalise tho proiuniro 
satisfactorily. (Note, however, the effect of surface- 
tension if the slot is too narrpxv.) 

'r')l. In making tho throttliuv^ devices, they ;nay be 
split up into parts, as shown in fi£;uros to 13 of Data 
Sheet l, in order to facilitate manufacture, i nt or chan;^^— 
ability, etc. Tho materials of tho throttlin^- devices --us 
be so chosen that they will not wear rapidly, Particular- 
ly with orifices, care should be taken when r-hiooin^;: and 
installing that the sharp upst ream , ed^o is not damaijed, 
Likewi:;>e, with no.^%les the discharo:^e od-^e should not bo 
dama^^iod. (See what is said about the proteotivo rim in 
para^;raph 14. ) 

^ The mounting; rini;s which hold tho orifloo. pl:),te 

or the noz?:lo must have rounded ^-orners on the npr-tream 
side (liss. to 17^, Data Sheet l) and their inside di imo- 
ters should not be smaller than the pipe diameter. It is 
permi nible , however, to make tho mounting rin^^> r -;;eror:nt 
larger than the pipe diameter with standard oriiiccs and 7- 
percent^ lar^^'or with standard nosszlos, r..^ lon.^ :^ n tho ixxir.l 
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distance of the vin^% from th^-- front of tl,(^ olatc or uo^'ilo 
does not exceed O.ID. The ratio of r:ro."i^ u is not to be 
referred to the nominal diamotor "but alv:"'i:-n to the tr^ao 
neasurod pipe diameter on the upntroan r.ido, 

23 ♦ For pipoG of lar^e dianeter, the r.arrow noi^.^le or 
orifice of figure 6 , Data Sheet 1, in or*linrrily used be- 
cause it nay be Installed more carily and h'cnnse of 
weight considerations. The ar ran^jomcnt of fi^^nre 7 may bo 
substituted, for the annular chambers; in thii^ case the 
pressure tap opcnin<<s must be t?nall compared to the crcr;.-- 
soctional area of the equalixln^ lino. 

For pipes of small diameter it is rocon:nendod that 
the designs" of fi^^uros 14 or 15, Data Shot t 1» (roforr-ncr; 
9), be used in pipt^^ lines of which the oharact ori r> t i o s 
( ro\iti;hne*js , roundness, dianeter. etc.) arn not knov7n ac- 
curat ely , 

III - RSqUIHEMKKTS FOR STAKDAHD IITSTAILATI ONS 
(See also t?ection C l) 

24. The applicability of the tolerances ^^iven for the 
discharge coefficients assumes that the throttling device 
is installed very carefully. If this is not asr^ired, me- 
tering errors considerably in oxcosf? of the tolerance v/ill 
occur. At present there is no reliable'; /cnowloc.-'>e by ^.vhich" 
these errors may be ustimatod or even corrected irathemat- 
ically. However, sone tests indicate that the pieterin^; 
en^or usually does not become lar:';or, ar. iroqucntly as- 
sumed, but smaller as the velocity of the substance bein:-; 
Hietered increases. In all caset.^, T-icasur t.:r.i:nt s rith hi^h' 
ratios of areas are intrinsically noro c:n-e. itive to all 

i rrei";ulariti es in installation th-'in noa ;vi r e^:^ ^Vnt s ',rith SKiall 
ratios of areaii , \/hich is reflected in tho loI cranc:. s . 
(See Data Sheet 2 and reforence 34.) 

The following; instructions are to bo ob^^orved if the 
tolerances of the discharge coofficicntn -we not to bo o:>:- 
ceeded* In the plans for the pipe linei^ :*uf f i ci ent ly lon-^.; 
strai'iiht pipe len^^ths must bn nrovidod. 

25, The faultlessly made throttling cu vice is proporly 
installed between two flans;es of tht^ pine lino^ For pipe 
diameters below 70 mm it is recommondcd that the arran^l")-* 
ments of figures 14 and 15 on D^ta Shc-co': 1 ho ured, 
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In measuring ?as and stean, care should "be talcen t-i.-it 
water collecting upstream and downstream from tho throt- 
tling; device he renoved hy a fjeparator. Thorta should he 
neither ^^askets nor rou^^h velded Gea:;:s upnt roan . from the 
throttling? devico» Therefore ^asketo should oo cut r.po- 
cially lar-^e - say ahout 1.1 D - to make crrtr in that 
there is no projection at the nountin^:^ rin^. (Sec fi-:;. 5, 
Data Shoot 1, ) 

The throttling device is to he accurately ccntr^rrd in 
the pipe. For this requirement, it is :;enerally Gptisfic- 
tory if the outside diameter of the mounting; rin-s.s ir, oni' 
to the flange holt circle diameter minus the holt hole li- 
amoter. 

25. When ^as containing du?t , f o^ , or tar is to ho 
measured continuously, it is necessary to make certain 
that the ed.^o stays r>harp and c^oes not became dirty. In 
such cases it is reooinmenned that the orifice he "orovidad 
with a. spray device and an ooscrvation arr?.n*scncn.t , ap- 
proximately as in f injure I. Such an arran^'crnent allows 
the condition of the ed^^io to he ohserved and to he ::7prayod 
from time to time as occasion demands. 

27* The true pipe diameter is to he m.easured accu- 
rately for lar^e ratios of areas, since it' frequent ly var- 
ies from the nominal diameter. The pipn ehouL:! "be cylin- 
drical upstream from the throttling device, The. threat '?st 
chan^^e of the pipe diameter in a length of 2D ahc-id of the 
orifice - in consequonco of non ci r cularl t y , conical expan- 
sion, as when flanges arc rolled on to the pipe , 
etc. - should he within ±0.5 percent .for ratios of aroag 
m > 0.3 and within percent for m < 0.:^,. 

?8, The pipe line should he smooth or v:iervi ce-rcur^h. 

The effect of pipe roughness on the dir.chpr:^e coefficient 
may \)e taken from para^iraphs -1"-, 5'\, 51, and b^l. The rela 
tive rou^;hness, i.e., the ratio of the avcra ;e hci:sht of 
the rou jhnost^ to the pipe diamo^tor, is det orTiinati vc . For 

B 

Tost '3 vvith two ni-nples 0,25 D in dioinntor vt lded into ih 
pipe at a distance 0.5 D upstream, from the orifice nhowec^ 
that they have no effect on the di:',char;e cooffioient. a 
up 1 0 m ^ 0 . 7 . 

^Accordin^^ to unpuhlishod tests of thn I. G- . ?arhen i nd:i 
trie A , . with water -^as and power .^at) containin-: ;:poro::- 
imately 12 ra-; of dust per cuhic meter, the value of a 
increased hy severo.l percent in a few days. 
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this reason pipes of the same ahr.olutc roi^ .,hrxo 3s ni-iy be 
considered more nearly smooth as the Gi-.r:^-^ter incrGPSRs, 
Quantitative roui^hnoss mr-y only bo Of^ti;na-cd. As n ^uido , 
a new cast-iron internally tarred pipe of 200 tniri ma:" 
he .considered smooth. A servi co-rou^h pi-o r-^y be under- 
stood to be a cast-iron pipe which hnr, ra;?t'-d internr^lly 
through lon^ use. but which has no thick o:;cr .intat ion on 
the i^urface. When neasurin-; ;aG and stn.un in vertical 
pipes, the pressure taps laust be inado v^r;- car'U^:lly be- 
cause of tho possibility of collecting?, v/a^t^r- 

29, The pipe line upstrean and dor^-nntrean fror tn.- 
throttling device (upstream ^section, do^:?nr.t r can section) 
must be rectilinear and of cont->tant dianetcr. The upstroar. 
section must be so long that all di sturban cof?> have ^iod 
away at the throttling device, the do wn r:^ t r earn roction no 
lon^ that a dicturbance at itc end cannot ror^r back to tho 
throttlinf^ device. Data Sheet 2 Uvos for different, fre- 
quently oncountorcd installations, the nininun necer,r,ary 
disturbance-free straight len-^ths of pipe, p.earmred in pipe 
diameters D (upstrean r^oction S, dcvni-'^noan -ection a) / 
If only half the ^iven lengths cf pipe aro a vai lablc , - i t 
may be assuned as a ^uide that, for m g 0.5, the addi- 
tional error \rill be approximately 0.5 porc-.-^nt. For noz- 
zles with m > 0«5, no data can bo ^^iv-n* 

The necoo^iary strai^jht lengths of t^ipc ? up^^tream 
and downstrean from the throttlin-:; device are, in -general, 
shorter the analler the ratio of areas. Con r.oquen t ly , in 
many canes where a sufficiently lon^; Btrai.;ht length of 
pipe is not available, the choico of a t^nallor ratio of 
areas will bo o help, in::ofar as the rn.^-?:lt-nt increase, in 
differential pressure will allow. 

?1. It is not permissible to install a throttlin:^ do- 
vice^ clone downstream from an expanding troerod piece. TTith 
orifices, a ^>trai^;ht section of pipe of ooa^^, tar-t :U arno'": or 
must be between such a niece and the orifice, of a lcn-;th 
increasing' with increasing ratio of ar^^as of the orific^^ 
and with increasini^ expansion in the tar.ereJ piece. k-i a 
^i;uide will serve the fact that with orifices knd an ex-xm- 
sion to twice the pipe diameter, a straight ^ip^tream sec- 
tion of at least 10 1) for m < 0.2 and at least PC D for 
m = 0,25 to 0.50 must be used. With inruf f i cient 1^ lon^; 
upr.tream sections, very considerable ^noterinj^ eri'ort^ may 
result. (See fi-. 34, Data Sheet S.) 
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An installation doxrnr, t roam from a tapered reducer ir, 
legs unsatisfactory. In this case al co the orror oocoTrion 
greater an the ratio of areas ihcroanei3 and ar? tho amount 
of reduction increaGes, Therefore, the ^^reator the ratio 
of areas m , tho longer the straight lan^::th cf pipe of 
constant diameter necessary hotweon th.'i tarottlin^^ ^dovioo 
and the reducer. As an example, this distance should "be 
at least 15 D xrhen m - 0,?>, 

Sudden reductions in pipe size (\vithout a tapered 
piece) ^ive greater errors, tendint; to reduce the dischar-'; 
coefficient (reference 9). 

32. Space eltows (double elbows in tvro or no re piano e 
perpendicular to each other) cause lar^e errors, siT.cc 
through them the flow acquires a twistin^-': which is disr,i- 
pated very slowly, 

r??. straightening vanes (for making the lines of flov 
parallel to the walls of the pipe) are ozpoclieut only if 
there is a twist in the flow. To 'oc ef'^ectivc, thoy nms^t 
he from 1 to 2 D long. Downstream from oin^lo elbows, a 
straie;ht oning vane is usually harmful . The distance from 
the straightening vane to the throttlin-^ device should he 
so i?reat that the disturbance produced hy tho rit rai'i;ht en- 
in^; vane is dissipated in it. This distance wil.! vjvry 
with tho ratio of areas and the dosi^;n of the st ra:i ten- 
ins vane and will amount to 5 D for small values of m 
and as mv.ch an 20 D for hi*-;h values of n. 

34. Very lar^^e er'rors are caused by partially open 
valves. Table I on Data Sheet 2 shons the nt^cossary 
straight di sturbancc-^'rec len-:;th of pipe as, a function of 
the opening of the valve, Valves installed downstream 
from the throttling; device disturb the flow less; accord- 
ingly, when possible, they are in^^talled downstream from 
thr throttling device. 

7>5. The disturbances have less effect when using an- 
nular chambers than when usin-. sin^^le taps, Althori^:;;h 
there arc no tests on the subiect, it may bo assumed that 
an annular chamber is more effective as the chamber volupc 
increases and as the slit connecting it to tho pipe become 
narrower. 

36. Only if all the stipulations in this section are 
fulfilled, should an installation be termed standardised^ 

^^Accordin*^ to unpublished work of the Oppau ^orks Control 
of the I. &. Farbenindust rie A.-G. 



12 



MACA Technic/^l MomoranduKi Nq . ST P. 



IV T70HKIITG- FOI^LIULaS 
(See also D:.-ta Sheet 7^)' 



37. In part B, section I, the ^nneral .-.isehar^e equa- 
tion is derived and nut into tho form 



^ = i Jz^ (P^ . P^) c) (I) 

Q = G/Vi (mVsec) , (l.) 

measured under the conditions upstream from t:ie throtf,liu/; 
device. In these formulas is the lc::n:^ity in >s/m^, 

Pi - Pa is the differential prer.sure in k's/m^, and a and 
€ are empirical values which are to oo taken from vr.rt 7. 
(Soe also Data Shcotr^ 5 and 6.) Is^h arer; of" the 

freo opening of tho throttling device at tcTnperaturc 
of mcasurorncnt in squaro netors. (See p'. ivv^^raph 40 • ) 

r^S. The discharge coefficient a t k.-r^ tho followin^; 
factors into consideration. (See alr.o ct: on?? 78-30 . ) 

1. The velocity of aoproach uo:^trearn from thp or- 

ifice. 

2. The friction of the flowin-^ natorial upstream' 

from and in tho throttliri-; drvice. 
• With orificv^s, the cent i-act ion do-.rns t r oap. from 
the throttling device. 
4, The pro n sure taps in the cornr rr^> up nt rear, and 
downstream from the throttling dovic'?; the 30 
prersuros are not exactly cqnal to the th'^o- 
retical procedures upstream and dov/ii b t r cam 
from tho throttlin^^^ dovico. 

:^9. The expansion factor e takes into account the 
irregular "behavior of ^ases and vavjors as 00:^1:)'^ rod with 
that of practically incompres sitfle fluids (-^ith £ 1 ) ; 
v^rith ^ases and vapors the density chan^^Rr< in accord'rnce 
with thermodynamic relations in flowing; throu^sn the throt- 
tling device; € increases in c:"fcct -is thn dif f orr.r.tial 
pressure increases vith respect to the a>^solute orccrure 
ahead of the throttlin^; device (in the nlano of orK-rum 
t ap ; see p^ racjraph 66 ) . 

40. On the b; sis of tests, it may ho 'i-i^umGd that the 
diameter of the opening of the throttling; device chan^jes 
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with the linear t empf^rr-ture coefficient of expar ; f i • - 
ure 17 on D:\ta Shefit ^ives the increase in area ..wit:. ■ 
temperature for the laost importr-nt materials, if d . 
measured at 20^ C. If the throttling; device and tho pipo 
are of different materials, the ratio of arean m chan-^os 
with temperature since d and D are calculated ^ith dif- 
ferent correction factors. 

41. On Data Sheet 3 are collected thr formulas for . 
practical use. In these the diameter in ni l.liriet e r 3 i?. 
used instead of the area, and the di cchars© i s rc.f- -'rod 'o 
hours instead of froconds, in accordance rvith tochnir-.-l 'vir- 
tom. The other values are to he substituted in terjiu: 01 
motors, kilograms, and seconds. After carryin*? out the 
continually recurring auxiliary calculation 



special formulas are ^:^ivon for liquids 53toan, dry and wot 
gases. These formulas arc worked with th.-- .:len;:jity t 

of the manometer r.ealin? fluid and ccnsir^-'^r the fact th:it 
the density of the flowing suhr-tance over the ^'*^t)alir.g fluid 
and in the connecting lines may oe quite different than un- 
der the conditions upstream from the throi: t lin^^ device. 

42. See section A VI concerning the mcasurcm^vat of the 
differential pressure ?^ - and the dpt er::ii:iat ion of 

the characteristics of the substances. 

43. T/hen calculating the diameter of throttling de- 
vices for giv^in mcanuromont conditions and ^ivcn di"^'ieron- 
tial prei^suro, it i simplest to use figures 19 and 20 of 
Data Sheet 4. 

Substituting d^ - m in tho, di scaargo ' oquat ions 

and making some reductions, the result is the fc rmulas 

m a = 5 with ^ in m'Vhr • f v 
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For ganea and vapors an estimated value of the cxp.^n 07i 
factor € is to be su'bs ti tut ed firtnt rand vvith thin txn ao- 
proximate value of ma is to be calculated. 

With this value of ro a, the dinchnr^'e coefficient 
a is read off on the figure already mentioried, and m in 
calculated. If a lies above the tolorrince limit and no 
addition for the pipe rou-^hner.g is necer^nry, the Vr^lue ic 
final. If not, an approximation cal cul-i " i on innst bn Tr;a:i.o, 
(Sec example 1.) For incompren sible ilviids, ~ D ^n'. 
For ^asc? and vapors, the exact value for e i i.^ fir:!t 
be taken from figures P.5 to 28, Data Shr^t 6, and ' :v n ta-'^ 
calculation is repeat ed, as manv timos an nocof^sary. In 
this connection, s^-^- also the oxamplcs iu st'^'Ct::on A 711. 

Figure II gives the equivalent ratios of :.reas m 
for no:;5^1oc nnd orifices which have the ran^o differential 
pressure for the same dischar^jo. 



7 - THE 7ALUSS AND T0LEHA1:G23 CF 
THE DISCHARJ2 OOEFFICISITTS AlID GO 'in^C'i/IOHS 
a) For IncompreGsiblo Flui^'^:. 



44. For standard models and standard in->.ailat i onr. , 
the discharge coefficients and correct ionr. rith thoir re- 
spective tolerances are ^::iven on Data 3h.-t 5. Thonc tol- 
erances refer only to the dischar':;o ooe::iicipnts and the 
corrections, 

45. The discharge coefficients a f - r the 19.^0 Grerman 
Standard KoTi^le a.re reproduced on a seni loi;ari thmi c chart 
shorn in li^^ure III as functions of the :ie:^nolds number 
Re^ (tolerance linit) (see table l), the di ncharr^e cc O'^f i- 
cients are constant. These discharge coef ci ent s arc 
shown in figure 21. Data Sheet 5 , as a funo-iion of the ratio 
of area s m . 

46. Above the tolerance lirrit, the. ^lAnr^ of the di r- 
char^e coefficients are valid \rith the bar.ic tolerance 
(se:e references ?-l to 24) ^iven in figure ^:^d, D-ta Sh-ct 

5 ; thi s tolerance Ihjcrea-.es from to l.r pr^rcent with in- 

creasin:^ values of m. 3olov; the tol eranco' limi t the basic 
tolerance aiiovints to ±1,5 ooreent. 
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TA3LS I 


Liniting Values of 




Ratio of areas 


Limiting values of the. Saynolds number 


m 


Orif ico 


MoK sle 


0.05 
.1 
. 2 
.3 
.4 
.5 
.6 
• 65 
.7 


20,000 

:^o.ooo 

50,000 
80,000 
125 ,000 
170,000 
225 ,000 
260,000 
3 00 , 000 


70.000 
73 ,000 
91 .000 
110,000 
170,000 • 
190,000 
200,000 
200,000 



47. With small ratios of areas m for standard nor.- 
zleg, no noticeahie effect of pipe rou>:;hnesii is ©"bserved 
as lon<s as the pipes are only normally rou-^h. For ra > 
the roughness hecomos evident through an increase in the 
discharge coefficient. Fi^;ure 2?a givf^s, as a function of 
m, the correction factors for service-rough pipes of dif- 
ferent diameters; fi*?ure 23e gives the corrcr>ponding addi- 
tional tolerances. 

46, The discharge coefficients a for the 19r^C Gorman 
Standard Orifice are shown in a sernilogarithui c representa- 
tion in figure lY as a function of the Heynolds nuntor Hej) 
referred to the pipe diameter. The discharge coefficients 
are practically constant ahovc certain limiting valuon of 
the Heynolds numher Rej),^^ These discharge coefficients 
are shown in figure 22 of Data Sheet 5 as a function of the 
ratio of areas n. 

49. Above the tolerance limit the discharge coeffi- 
cients for the orifice are valid for c^mooth pitio and for 
an absolutely sharp upstream edge of the orifice with the 
basic tolerance shown in figure 24d, Data Sheet 5. For 
m < 0,?5^^ it amounts to :t0,5 percent » and it increases 
steadily to ^0^1 percent at m = 0.7. Below the toler- 



The line connecting these limiting values for n in 
called the tolerance limit. As compared with the third 
edition, the line is displaced in the direction of higher 
Reynolds number for m > 0,3. 

^^Differcnt from the third edition. 
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r.nce limit, the discharge co ef f i ci cnt nrc vilid vrith n 
Oc'^sio toloranco of :ti percent, 

50, The pipe ro\X:.;hnosc c-iune^ a greater increase in 
the dischar^^e coefficient a for the sta.idard orifice 
than for the standard nozjle, and here al.-o the effect in- 
creases Tvdth increasing ratior, of area rn , v/Iiile -'ith loi7 
ratios of area the effect of the rouc;hno of sorvico- 
rou^^h pipe disappears. (See para?ra:)h '^^.) 

51, "he correction factors of the d:.f^ch'^r<e c^cf^/:'!- 
ciont for orifices in servi co-rou^h pipe md the adai 1 1 c ir- 
to the basic tolerance for th;:> effect of rou.^hnesr> ar- 
?iven in fii^ures 24a and 24e on Data Sheet 5. 

5E, If the od'^e sharpness does not conform ahsolut?!:-' 
to the requirements ^iven in i^ara^^raph 1?, i.o,, if a r*^- 
flection of li^ht fro*^ the ed%e is easil- noticeahle- rith 
i - 100 mm, further additions nxst he ":ride fo"^:* the lack 
of sharpne^^s of the ed^o- xhonc addition^' -^re dcoeudent 
on the orifice diar.otcr d; the co r r e c : c factors, for 
the lack of ed^e sharpness, are to he ta;:r;n fror. fi^;ure 
?.4b, Data Sheut 5. 

5^^. Since the sharpnei^s of the ed-;e r:-nnot ho r^efin'>d' 
accurately, the inereased discharso co o * '-^ i e i en t -Are valid 
^vith a tolerance concistin^^ of the basic t r lerance a;id an 
a-.idition thereto; this addition is "o be taken froii figure 
24f, Data Sheet 5. 

54. In j^eneral, lack of shorpnews of the ed^se and 
rou:^hness of the pipe are to be conr-idored sir^ul tan ecus ly . 
In this case both correction factors, as determined fro'n 
fi-^ures f?4a and 24b, are to be applied to the dischar^?;e 
coefficient and the total toler-mce of t h e i s char ^e coef- 
ficient according; to the law for com jininf:, errors, is 
equal to the square root of the suu of the sTUc.ros of the 
tolerances for the Lack of ed^'e sh-irpne .-^ s ?.n.d for the pipe 
roughness; see examples, section VXI.^^ 

"is 

^^or measuring ^as ^rith the st':^udard orifice, -ith L = 

100 inm, IT := 0.r^5, Rej^ :^0,000, in eo ::mercially rcu^h 
pipe and ^^ith the orifice not absolutely ^^harp : 

(Continued on p. 1?) 
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55. If, in addition the effects of pipe vv^^biie 
and of lack of edge sharpness, there in also an effect 
from the viscosity of the flowing morlium, the norrectionr; 
for the different effects care to he attached separately. 
The tolerance for the corrected discharge coefficient in 
determined by means of the law for the conbiaint; of orror^-. • 
(See . parat^raph 6 . ) 

h) Tor Grases and 7apor?5 

56 • Por the 19r>0 Standard I'ozzle, the expansion f ac- 
tor c is to be taken from figures 25 and 23 of •'D'\t% Sh ; t 
6 for low differential pressures and from fi-^s^ai^cs -7 and 28 
for high differential prerisuros, for k - 1.31 and k = 
1.4,^^ respectively. Pi^^uro 7 =^ivcs the expansion factor 
for rny value of K as a fiinction of {Pq/^i)^^^ ^P to 
the critical pressure, 

57, The calculated expansion factor for the stardard 
nozzle for m ^ 0,4 sho?^G absolute a-uirccmont \7ith oxperi- 



(Continued from p, 15) 

1, The vr*luG of the dischar-^o coof '^^i ci vrnt a 

a. Basic value (fi^;. 22) 0,646 

b. Correction factor for rou^;hr.e?r. (-^'i^^. 24^1) 1,'^'07 

c. Correction factor for lack of edr^^e sharp- 

ness (fi^. 24b) • . . 1,007 

d. Correction for the effect of viscosity 

(f i^ . 24c ) . . 1 , OOB 

The corrected value of a is a - b • c • d =0,660 

2, The value of the ex-oansion factor for* Il^Z^Ii, 

0,15 (asGumed) (lis. 26, Data Shv^ot 6). . . . 0,95 
Tolerance for a e 

e. Basic tolerance for a from 49 bolo^ the ' 

tolerance limit :i:l , 0^ 

Additional, tolerance because of rou<2hno.;s 

(fi?. 24e) , . , . . ■ ±n,9ib 

Additional tolerance for lack of od/^c 

sharpness (fi^, 24f) .... ±0.6^ 

h. Tolerance f or < (t abic II) ........ . ±0,5> 

y ©2 + f 2 + 4. ha = ^±}r.6% 

Different from the third edition, to a-^ree with ururil 
practice; the value of c is practically not -affoctGd, 



18 



KAOA Technical Memorandum I'c . 952 



mental v.-^lnes. (See reference P.P..) The tr^,ts ^rere con- 
ducted with superheated ste?.m up to the jritic^.l pressure 
ratio, in a ranj^e of the Reynolds number aoove the toler- 
ance limit, and con r.equent ly \7ithout a riiinult luecus effect 
of viscofiity. The sn.me was found^^ for .-ir (-ith the 1912 
standard nozzle) at a pressure "ratio of / ~ 0,9. 
Therefore it ma;/ "be expected that the cxp^^nGion factor C 
may he calculated v;ith the theoretical o n\i>':rt i ons for ether 
e;ases and ^superheated steam \rith the saino or different 
However, a tolerance for €, liven in table II, ic reco'.- 
mended for the ^jases and vapors that have not been tented. 
Tor superhecated steam and air the expansion factor e 1^. 
applied \rithout tolerance, as lon^ as m ^ C'.4 and 
Pi - Pa 

— < Q ^ 2 and as 1 o ii^ a s the He y n o 1 c^. ?, um b o r i g a b o v c 



the tolerance limit. Table II sivef^ a suiM-ary of the tol- 
erances • 



TABLS II, Tolerancer, of the Exppnsioa i:'>'ctor e for 
Standard Nosr^les and Standarl Orifices 



Prop, sure 
rat io 



P - 



0 to 0.01 

0.01 " 0,02 

0.02 »' 

0.1 »» 



• 1 

0.2 
over 0.2 

58 



U r 1 : i c v:^ 



o r 



i For 



^ases j vaporr 



pc r- 
c^. e n t 

0 . ■) 
^0.5 

^0 , 5 

:±2 



per- 
cent 



m < 0. 



Ucrzl.^^ 

S up e rh ea t e cl. c t oar 
and i r 



i 



oorcent i r^erccr^t 



0.0 


1 


i! 




±0.5 


1 






il .5 


y 




±1.5 


j 




±1 




±1 


1 





"0 r c e a t 



II 
is 



2:1 

±2 



Cthor 

S !? } " 

vr 'JO rr- 
■T) e r c 0 n t 



ikl 

±2 



xac expansion factors for the lOr-^n ^.^j ori- 

fice detorniiv.-d by tests are -Iso shor^n ir. fi-nrnn 25 to 
28. Thcv .nrp valid -ith the tolcr.-ncos? nhov.-n ir. table II, 
a;T lon-^ as tho Reynolds nunber is a"bovo th;-; tclernnco lir;it 

59. The tolerances for orifices aro introdtices T»^inc^- 
pally "because of the still unexplained .lumps found In the 
tests with steam. (See reference 23.) 

60. The tolerances for € are to oe conihiund v;it>' t'-e 
tolerances for the discharge coefficient h- raeanr, of the 
law for com'binin'E; errors, 

'^Unpuhlished tests of E. Ilueller and H. Peters (&ottin-en^ 
with air, ' ' ' 
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VI - DSTEmilllllTG THE MBTEHINS LIAGIJITUDES AlID 
THE MATERIAL VALUES 
a) Dlf f ere.ntial Pressure 



61. Differential pressure meters, with the exception 
of the two-leg*;cd U-tube, nust \)e calibrated. They nw.st 
be so designed that the unavoidable error of the device 
and the error of reading are within the limits corronponi- 
in^^ to the depjired test accuracy at the lovrest differen- 
tial pressure to be measured. Because of the quadratic 
relation between differential pressure and discharge, sinall 
errors in the differential pressure enter into a discharge 
measurement at approximately half rate. 

With U-tubes the vertical distance bet?reen the levels 
(displacement) of the sealing fluid is to be determined. 

If h is the disr»laccracnt of the r^ealini; 

fluid (m) 

Yj, ' density of the scaling; fluid (kg/m^) 

density of the material over the 
sealing fluid and in the lines 
to the pressure taps (ks/m"^) 

then the ^^fforential pressure = h(Yj^«-7t) .(ki-/m^)» 

The value of h in millimeters may bo substituted for h 
in meters if Vj^ ^ and V» are used in kilofji^ams per 

liter instead of kilo^^rams per cubic meter. 

62. If the lines to the pressure taiis are filled with 
^as at low pressure V» - 0, For ^vater and mercury as 
sealing; fluids and for mercury as a sealin'^ fluid, if wa- 
ter is over it in the lines to the pressure taps, • , 
and (Y>^t ^ Y) in k?/liter (h in mm/) may be taken fror. 
table 2 of Data Sheet 7> . ■ 

63. The connecting linop. must be abr.olutoly ti^^ht and * 
be filled with the same nedium over their whol e • 1 ent^t hr. up 
to the pressure taps. In measuring ^^r'.ses, accordingly, 
care must be taken that no condenain^ liquids, such as \r'--^.tcr 
from the moisture of the *^as , collect over the riealin-^ flui d; 
if they do collect, they must bo measured and taken into con- 
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sideration. In measuring liquids, nobnlbles of air or ?^as 
should "be ahove the sealing fluid. In noaGuring vapors 
which mii^ht condense in the inlet linos, both lines must 
he filled up to the same level rith the condensate. Por 
this reason, the lines must he hlown out ;vith the vapor, 
with the shut-off valves of the dif f ercnt ir 1 -orossuro lv:!- 
ter closed during the hlowing-out . The vaocr rill then 
condense in the lines throu^^h cooling, Por more detailed 
information, see part C, section V. 

h) Density 

64. The densitv of the flowing modiuir. inui^t oc deter- 
mined with the same care as the differenti ai Dress'^.zrep As 
with the dif f erent ip.l pressure, the error enters into trio 
result at only half rate, 

65. The densitv of the flowing medium is usually 
known for hase conditions throui^h ^measurement cr calcula- 
tion cased on a cheTnical analysis* Conser.ur^nt ly . with in- 
compressihle fluids, a measures f?.nt of t crmv,eraturc in suf- 

f if lent; with compressihle fluids, tlie pressure and tem- 
perature upstream from the throttling device nust he meas- 
ured in order to calculate with the help cf the equa- 
tion of state. (Sou Data. Sheet :^ . ) The pre^.surc for thir? 
purpose is to he measured in the plane of the differential 
pressure tap upstream from the throttlin-s device. This 
requirement need not "be ohservcd with sJiac.ll v::^.lues of m 
and with small ratios of differential pressure to rnoasurc- 
mont pressure. The measurement temperature is to he taken 
as closoly as possihle to the threttlinri device; however, 
care should oo taken that the flow is not disturhed throu^^h 
the installation of the thernomet cr . i Trhlo 7 of Data 
Shoot ? -sivos the density ccrir eroi.-^.lly important 
^^ases at two different "standard condi t i o ns ! t PO^ C, 1 
ki^/m^ and 0^ c, 760 mm of K^:; . 



According to unpuhlished tests of H. TTitto, luuwi 3h- 1 cn , 
with steam noaruronent , a thornometer v-rll of catside di- 
ameter s < 0.04 D nt a distance of i:^ D u:o-:tream from 
the throttling device h.-.s no effect on ^' , oven at the 
hi^ihest values of m. On the contrary, a v/ell with s = 
0.13 D at the sane distance of 17 D reducr'c^^. the values of 
a as follows: with nossles, m 5 C.r>5, 0 porcent , v.ith 
nozzles, m = Q.6, 1 p.^rcent ; with orifices, m - 0.5, 1 
percent, with orifices, m := 0.7, 1*5 percent. Consequent- 
ly, the hest location is downstream frrr.: th^ throttling de- 
vice, since the installation disturhanco would he less. Th 
Joule-Thomson effect may usually ho ne^ilected in practice. 
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66. At hii^jh prer. sure, especially/ neir the ratMration 
line, tho deviations froih the ideal gag Ip.av arc not to "bo 
disregarded. In the formula they am to 'be considered 
with the ;xid of the " compres sihility factor" K. K is 
the ratio of tho density calculated fron -7 the laws 
for ideal <2;ase8 to the true density, Tho v-liior. of K, 
for exn.mple, arc procured from the Lrndolt -Bornst oin ph-'-si- 
cocheinical tahleg, out more easily from figures of the 
sort of those on Data Sheet 9, referred to 1 ahsolute at- 
mot^pher'e .^"^ 

With vapors, particularly steam, is to ho deter- 

mined from steam charts or taoles. 

With gas mixtures of not accurately known compocition, 
the density may be determined with the Buns en-Schi llin^ 
device^® or with a density recorder: it is to he recalcu- 
lated to the TJieasuremcnt conditions. 

67, If the density of the flowing fluid varies ever a:' 
period of measurement, it must he ascertained at short in- 
tervals of time and the discharge must he determined cur- 
rently with the ascertained values. 

o8. The density Vx of most ^^'ases, i.e., nixed rith 
superheated water vapor, is to he calculated with equation 
(9) of Data Sheet 3. The theoretical derivation is <'ivon 
in part B, paragraphs 87 to 90. 

ri-ure 18 of Data Sheet 3 shows tho errors that rc-ult 
if the moisture of a saturated ?as is neglected in calcu- 
lating with a pressure of 1 absolute atmosphere in 
tho lino. They are small at . low temperatures as v;oll as 
for ^as mixtures with near 0,7 to. 0.9; (0.727 is the 
ideal normal density of water vapor at 1 absolute atrao^?- 
phere and 20^ C, calculated by the ideal ^^as law from the 
density and the saturation pressure at 20*^ OK They bocomo 
smaller with increasing absolute pressure Pj, • 



1 7 

iTitte presents a collection of the conpres si oili ty devi- 
ations fnr the rest important ^jas'es and vapors in Sucken^ 
Jakob's "Chenie-In';enieur," vol. II, 2, p. 16 ff." 

The correct procedure and valuation of the tests with 
this device require i?r*eat caro; see Kretzschmer, Jorschun^'^, 
vol. ?, 197.2, p. 150, T7unsch and Horning, " Be st imr::un^ dor 
G-as^.ichto nach dem Aus s t rom verf ahren" (Determination of Oas 
Density by tho Efflux Method), G-as- u, T7asserfach, vol. 
79, 1936, p. 177. 
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69. Formulas (lO) to (12) of Data Sheet 3 v.horr the 
calculation of the measured discharged Tolume Q, to dry 
volume and standard conditions • For dry ^^as, the formula 
is 




(II) 



in which K is the factor for the deviation from the ideal 
§as law; see Data Sheet 9. For gas mixture? v^lth filter vr- 
por, the water-vapor content is to "be renovnd first in or- 
der to ohtain the dry portion of tho s;as : 

C^tr - ft (1 11.^ 

With calculated to standard conditions hy equa- 

tion (ll), and Q c^ub st i tut e d from oqua ticn (2), Data 
Sheet 3, and "^i r>u"bsti tut ed froir equation (9), Data Sheet 
3, equation (ll) i ohtained. For detail^- of the effect of 
the moisture of ^ases, see paragraphs 3? to 90, 

The approximate equation (12) is e:vr.icr than equation 
(ll); it is derived from equation (ll) in 3uch a wp.y that 
only the dry ^as is used in caloulatin-:^ ; an error 

half as -^reat as in i insure 18, Data She et 3, ir tr.ado there- 

c) Viscosity and the Reynolds numhor 

70, The viscosity of fluids is con si de rahly dependent 
on temperature, hut on the contrary, only sli^'htly depend- 
ent on pressure. The dynamic viscosity of ^;ason ih inde- 
pendent of pressure only ini^ofar as the -:aae:i conform to 
the ideal ^as law. 

The dynamic viscosities at the sat\iration lino for am.- 
monia, carhon " 4i oxi de and sulphur dioxide, nnd for lique- 
fied ^ases and water are ^iven in tahlo 4, D^ita. Slieot 7. 
Further, figure VI in the text ^^ives the dynamic visco^>i- 
ties of the more-f roquent ly encountered ^^a^es, figure VI*I 
that of water up to 160^, and fi^^tire VIII thone of v^tean 
from the values which at present may be considered as -aost 
probably correct; see also section 73. 

71, The viscosity of ^^as mixtures Iuog' not follo^r t:ie 
simple rule of mixtures, particularly not ;vhen the Vvator- 
vapor content is hi^jh. Approximate cqTiationr; have been de- 
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velot)Gd 



I 9 



(reference 26) is: 
^mixture ^ 



A formula sufficient for, ir*pst technical gaser? 

100 V« 



(IV) 



Oa + CO + CH4 4. Na + 2 ( CO2 + Cj^H^^ ) + Eg 



in which 



^mixture kinematic viscosity of the nixture 

( cm^/ sec ) ' 



V 



the average kinematic viscosity of . OE4 , 
CO, and Og with the value 0,1528 (at 20^) 



Og , CO, etc. are the constituents of the ?as in. :;ercent 
"by volume • 

72, The Hoynolds nunhcr is a criterion by which the 
flowing condition of an incomprer.si'ble fluid is charact'?r- 
izod clearly^ Further explanations are i;iven in p^-rt 
section II . 



form : 



The Reynolds numher is used in this ctandrrd in the 



^ w D 



in which 



w is the velocity in the pips line (m/r;ec); 

D diameter of the pipe (m) 

U kinematic viscosity (m^/sec) 

Accordinisly , it is referred to the pipe diamoter. Often 
it is referred to the diameter of the throttling device; 
then it is *?iven the symbol He^. 

73. Data Sheet 7 ^ives formulas and r. nomographic 
chart for the easy determination of the Hoynoids nunher 
Hgtj4 Tr.hlo 4 ^^ivos the dynamic viscosities Tl p.nd thoir 
changes with temperature for the technically important 

™ — - 

See Iv^\nn, C-as- und Wasserfach, ISr^O, p. 570, and refer- 
ence 26. 
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gases. The nomographic chart of figure ?9 i^ivos " n for 
steam, and u for water and soine other fluids. For ^^ase;7. 

the calculating value = is UBcd as ordinate; this 

value, because of it? independence of prer'-iire. n:'\y "be 
shown as a function of the t onipo rn.tur e and i r*. op..^y to u.-.e 
when the ^as discharge is referred to nor:'.'.l conditions; 
it has no physical significance. 



VII - ?ER^^ANENT PRESSURE LOSS 



74. The permanent pressure Ions is alva7/s 1 e 3 j:^ than 
the differential pressure. Fi^^^ure IX s-iors the calcujatod 
pressure loss for the standard nosi^lc and for the star.dard 
orifice as a function of the ratio of areas m and ex- 
prer>sed in percent of the difforential pro r.ure • The val- 
ues of the fi^jure arc indicatiTC only; so far as tests are 
available, they confirm those vrluos for m £ ').4. For 
lar^^e values of m they no lonti;er wholly a^reo, oecause 
the impact was not considemd. Conr^equent ly , values of a 
should at no time he derived from tlieae dcita for the case 
when the downstream pressure is taken aftrr the pre r^.'' re 
recovery - at least 6D helcw the t hro 1 1 1 i i:^^' device. For 
computing the press'iro loss of crificen, the Fsiust rule 
applies - that is, expressed in percenta-^c, an (l - m)* 100 

75. Figure 10 shows that the pressure lo^^^^es of the 
standard nozzle and the r?tandard orifice rre practically 
equal if the ratio of orifices is go ch^^cn that in ooth 
cases the same differential proivsurn co rrer* ends to the 
same discharge. 

3. TKEOHETICAL PRI!!CIPL::S 
I - BASIC EQUATIONS FOR INao;-.!PRS3S 1 FLUIDS 



76. The symbols to oe \ised in the followin'? are: 

F cross-sectional area in rn^ 

w avern^o velocity in ;^./sec 

P ahsolute pressure in k%/i:fi 

V density in k-^/m^ 
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6 gravitational acceleration in tn/ptec^ 

Q volume rate of flow in m^/scc 

G- weight of flow in k^/sec 

Ideal pipe flow will be assumed as a "bet;! nr.in^; • The 
Bernoulli equation supplies a relation "between the pres- 
sure and the velocity at two cross-^sectional areas, Theao 
must be so chosen that the linos of flow are parallel and 
the pressure accordingly constant over the whole area. 
Consideration of the picture of the flow in connecticn 
with the course of the pressure will show that this assamp- 
tion is fulfilled in the pipe cro sr.-sect i onal area I up- 
stream and in th3 jet cro e s- se ct i onal area II downntrean 
from the throttling device. (See fi^. XI.) 

For these two areas the Bernoulli principle supplies 
the equation 

for incompressible fluids; it may also be used for approx- 
imate calculations of ^ases and vapors when the changes in 
pressure are small, A further relation supplies the con- 
tinuity equation: 



The unknown cross-sectional area Fg differs from 
the opening of the throttling device according; to the shape 
of the throat (i.e., the sharpness or roundness of the ed^e 
k in figure XI), The contraction factor is introduced, 

accordingly; then Iq = p. . Using the ratio of areas 
m = Fq/Fj^ , we have from equation VI: 

Wj = * |i m ( YI I ) 

From tV) and (VII ), we have a velocity Wg ' in the 



area 




(VIII) 



77. In practical measiirement the n^ore easily obtaina- 
ble pressures P, and P are used instead of the pres- 
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sures Pj^' and Pg'. Further deviations ?.rr broT-?^ht 00 lo 

tiy the effects of friction and vi c cio f^i t;,^ ^ cciirrin^ -andcr 

actur.l flowing conditions and rhich .arc cxpvo.v.ood oy vo- 

locitv di St rilDution ^^re?itly different fron thn ideal in 

the upstream flov;.^° By introducing a factor ^ = — ^- , 

we collect theoe and the deviations due to the change in 
the positions of the pressure taps, and -vo octain the vol- 
ume rate of flo^v: 



Q " U = P / ^-^ ^ - p '] 



V J. . v. ^ 



78. It is easy to see that the chcin^.:c of the upstroai:. 
flow profile produced l)y surface friction and viscosity 
also changes the contraction factor. For example, the c-n^ 
traction is reduced l)y nointin^ the profile. Oon a e ciu r nt ly 
i and \i are practically non n eparnhl o . Therefore, the 
two factors are collected tosicther ^^ith the f:.ctor that 
considers the finite upstrcain velooit:: tr rovu the dis- 
charge coefficient: 

r, ^ 

1 - M*^ 

(By including — ~ a for p = 1 and lar^-e val- 

ues of m nay iDecone i^reater than 1.0, r 7 in th? case rith 
nozz], es, ) 

The equations for the discharge in final forn are: 

^ = <^ ?o - (^n^'scc) r::i) 



= a 



in which G = q Y is the t7ei^;ht of flo::. 

20,, * - - 

rcorc accurate i n vo s t i e;at i on rill "oo :''onnd in Kretzsch-- 
Tner's "St rornun^ storm und Dur chf lus szahl icr h'o :? cdro s s nin" 
vForm of Plo;r and Dischar^^o Coefficients of :v:oterin-- 
Throttles). Po rschun^shef t ^81, 197.7 7DI - Vorla^.^ 
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II - HSTKOLDS nUMBIilR 



79. The Reynolds similarity lar allors the metering 
results ODtained with a definite material o n d throttling 
device to he carried over to other measurj-rntrnt of r.ateri- 
als of different viscosity and density a^, well as to j^eo- 
metrically similar throttlin*; devices as lon^ r.s other 
characteristics of the material (comprec^sihility » svirfacr 
tension, heat conductivity) may "be c! i sree:arded . If toth 

o 0 met ri cal and mechanical similarity Tjrevail rot^-vrn t ■ o 
flow processes, the same discharge coefficient applies. 
Mechanical similarity is sho*>7n when the ratio of the 
forces of inertia to the forces of viscosity is tho Sr-ino 
in the cases under comT3arison, 



*^Tr Lv *^ L W L W , s 

-5 x„x ^ _± I ^ He (XIII 



In this 



L (m) are the character! rti c len^'jths of 

the arrangement under comparison 

w (m/sec) the velocities 

T[ sec/m^) the dynamic viscosities 

x> = (tti /sec) the kinematic viscosities 

80. The Reynolds numher Re, accordin.^^ to its defi- 
nition, is the ratio hetv;een two forci=;s p.nd is consequent- 
ly a pure nuciher. Any flow situation of any incompressi- 
hle fluid is definitely charact e ri ^ cd ' oy this nunb-r, 3y 
a small Reynolds nunhor is meant one in which the lorcea 
of viscosity are lar§e in contrast to the forces of iner- 
tia; a lar^e Reynolds uumhor is the opposite. 

Research is consequently greatly simplified "by the 
use of the ninilarity law oecause it iv., enoa^^h to chan^^e 
any value contained in the R^ynoldf. numher, r>uch as the 
velocity, in order to ohtain at the same time the effect 
of the other values contained in Re. The Reynolds nurnocr 
therefore, servos as the ahscissa for plotting the disch^r 
coefficient as lon^ as the density and the viscoaity arc t: 
only effective characteristics of the fluid. 
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81 « At sufficiently hi^h Vr^^lues of the Reynolds nunbcr 
the discliar^e coefficients of the r5tandard noz^^les and cta.nd- 
ard orifices become constant, i«o«, indoT^cndoat of the ve- 
locitjr, viscor>ity, and density of the flo-j\^inv? anhstarce. 
Hence it is important to know the Roynoldr^ nunibors at which 
the independence stops and at Tvhich. couLiecMiontly , the dit;- 
char?e coefficients hecome variable, whether as a rei^iilt of 
a reduction in the velocity or in the diaretor or of en in- 
crease in the viscosity. These Reynolds rLUmhf-'rs are char- 
acteri9!ed in the Standards as "tolerance limit:?." 

82, The validity of the Reynolds similarity lar hf?-z, 
"been demonstrated "by tests for discharge neasuremen t s r/ith 
nozzles and orifices when geometrical similarity is oh- 
servnd strictly. Included with ^comct ri cr;l sirr.i lari ty r^re 
the similarity of the installation, of the prer,r.ure tr.p-i, 
and of the condition of the surface cf tho oipe and the 
throttling device. 



Ill - BASIC SQ.UATIOIIS ?0E'GAS3S AND 7APGR?? 



8.?. ^ith gases and vapors the chnnt;c in density should, 
in general, not he neglected vhen the differential pressure 
is hit;h and When hi^h accuracy is dcnandcd* If change of 
state according to the adiahatic law 




is^assuned in the contraction, the general energy equation 
(V) may he integrated, and rith the help of the continui- 
ty equation for conpressihle fluids 

Yi - F.Yg (XiV) 
the velocity in the vena contracta is ohtainod:' 




NACA Technical Memorandum No. 952 



29 



The contraction factor is designated p. ^ to di stiu^^ui r>h 
it from the factor for incompressilDle fluids, r,inco it iz 
dependent on the pressure ratio ^q/^i -OT throttling de- 
vices with considerable contraction, particularly for or- 
ifices. This dependence results from the fact that an ex- 
pansion is also possible in a lateral direction because 
the jet is not guided laterally. If the equation for the 
weight of f lOTT 



G = ^2 = ^^^j 



) (XYI) 

a ts> • n. w X ' 

is expanded with 



yl - m^, a and J^^ - 

there is obtained an equation similar in form to (XII ): 

0 a £ ?Q y 2^ (Pi ) (>^,/£-^cc) (XTII) 

where, in 



^-^^ ^ Cp;; y p7 

(X7III ) 



tho tot;il effect of the compressibility is included. In 
this formula 

a^^ n: — ' (S^*^- parat^rriphs ?6 to 73. ) 
y^l - M.^^^ 

In the same way the volume rate of flow referred to condi- 
tions upstream from tho metering location is found to be 



Q - o: C / ^ P2 ) (mV^^oc) (XIX) 

84. Those developed equations apT)ly only as long as 
the velocity of sound is not reached, 

35, For nozsles with a contraction factor - ji.^ - 1 
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the radial expansion may in t^enoral iDe neglected, th-it 
a 

~* = 1. The good a«^reement of the discharge cr.lculn^t cd 

from equation (XVII ), nQ^electing the radirQ orpannion 
with that ohtained experimentally, shows 'act the e::pan- 
sion correction € calculated above is valid for noz?;les. 

86. When the contraction is considerable, particular- 
ly ;rith orifices, the effect of lateral exp-n.^icn on tho 
contraction factor may "be brought out an adrli t ionr^l e.-- 
pressicn (see references 1, 2, 14, and 22), hut onlr ^"ith 
simplifying assumptions. In this case, therefore, it in 
"better fron the practical standpoint to riuhstit^to the oi:?- 
pirically determined ex*oansion factor € in eav.ations 
(XVII) and (XIX). 



IV - OP MOISTURE II? GASZS 



87. The density of a moist cja?? in equal to the 
sum of the density of its constituentn in tho form of dry 
gas '^tr water vapor Yj^, It should ho considered 

that these constituents are under only partial pressurcss 
corresponding to their proportional voluriw'-'S. These pro- 
portional volumes are usu^-lly net =.-;iven, \ut -generally 
only the relative humidity cp of tho ^as inixture i^-hno\7n 
this is defined as the ratio of tho V7ci--;ht of vapor actu- 
ally contained in a unit volume to the 770i^:;ht of vapor 
that would he contained in the saturated gas at the same 
temperature, 

88. The method of cal culat i::^^ the density of the gas 
mixture is as follows: The density of the saturated 
water vapor at the measurement temperaturr? in taken from 
a steam tahle and multiplied hy the relative humidity cp . 
If the density of the dry ^as at standard conditiona 
is siven, this is to he converted \Yith the hnlp of the tern 
perature and the ratio of the standard prer^r^ure to the par 
tial pressure at moasurem.ent conditions. The partial pros 
sure is equal to the totn,l pressure minus the partia.1 pros 
sure of the water vapor* The latter ma;'- oo taken from a 

s t e am tahle as a function of the saturation tomrorature 
and i s cp Pj) . 

Then 

Yf . Y^^ + 9 Yp (kg/m^) (Xa) 
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89. In converting the gas mixture to another s^t of 
conditions, the water vapor may i?enerally he t reat e d . a 3 r.n 
ideal ^as as long as it rer.aius superheated; sre taolo , 
Data Sheet 7, Only near the saturated r.'jonditlon dous the 
water vapor cease to act as an ideal ^as; vraen hi-^h accu- 
racy is required, it is rocoromendcd, aGCordin^^ly , that the 
conversion he undertaken on the "basis of tho /.novm pteam 
ta ol G s • 

90. In converting a r.easured volume of %^1G to ctrmd-^ 
ard conditions, it should he horne in T^ind that the v:^.t''^v 
vapor would he almost completely precipitated in the li^ui 
form. Usually the standard volume of a moist ^^as if^ so do 
fined that only tho dry part of the gas mixture is convert 
ed to standard conditions. In order to pcrforr. thic con- 
version, the dry part of the laoasured .^as mixture must ho 
calculated. However, the true denir^ity of the mixtTire 
al\7ays to he suhstituted in the equations for discharge 
measurement, since this true density i ■ ^, a factor of the 
measurement. With saturated gas at approximately atmos- 
pheric pressure, the density correction for the moisture 
content may he taken directly from figure 13. Data Sheet 7^ 



C. SUPPLEMSKTART IlTPOHMATIOil ON THE STA1:DA?.DS 
I - EFFECT OF DIFFEREKCJES FROM THE STANDARD IITSTALLATIOII 

(See also section A III) 



91, With nonstandard pressure taps the dlscharf;e coef 
ficients of section A 7 no longer apply. Fi-jures XII and 
XIII show the changes of the static pressure at tho pipe 
wall, ^7ith a diameter of the pressure tap equal to O.OIE, 
as functions of the distance from the faces of the noszlo 
or orifice. Tho ordinate is the difforrnco hett:n':>n thn 
static pressure measured at the pipe wall for tho ^iven 
distance and that at the faces for standard pressure taps, 
expressed in percent of the differential pressure. 

92, Because of the quadratic relation oetween differ- 
ential pressure and discharge, the deviations of the dis- 
charge coefficient are only half as ^;reat as the devia- 
tions "^^iven in figures XII and XIII. For the special case 
of equal spacing of the pressure taps upstream and down- 
stream from the throttling device, the correction factors 
are ?iven in figures r^l and 32, Data Sheet S; to take ac- 
count of this effect, multiply the discharge coefficient 
hy the correction factor. 
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93, Nonstandard taps ais in sections 91 snd 92 reduce 
the metering accuracy. The followin^^ additionr.l .toler- 
ancer, are to "be added to the other tolerances ^;iven on 
Data Sheet 5. 



^ ^ 0.4 for ■.•iG:.V7ler? 

±0,5 percent for 

^ 0.5 for 0 r i .f i c n s 



±1»0 percent for higher vainer? of n 

94. ITith nonstandard installation?, i,e., if the 

qnirementn pre^crihed in section A III %to not fulfilled, 
the error in meaemroment increases. The principal reasons 
are: 

1. :Toncironlar pipe, 

?m ITonaccurat ely centered i n t n t i on" of the 
throttling device or the <rr,l-ot, ' 



Diameter of the upstrean mo'^^ntin-^ rin'^ rrnallcr 
than that of the pipe, 

4, Conical expanr^ion of the pipe, ec?pGcially ^'7ith 

rolled- on f lan-^on . 

5. Difforence hotvroGn the no::iinal di^'Tretcr oi the 

pipe used in the cnlcul:itlon and tho actual 
diaraet er. 

95. For considering some of thece differences, thv3 
following essential data concerning their effect on the 
dischar^^e coefficient are ^'ivcn, insofar as rcli'ihle te^jt 
results are availahle. 



' a) Diar.eter of the Motintir.-; Ri;:^ 
Smaller than tho Pipe Dianetor 

Ji-sure XI Y shoves the inr.tallat i on ; fi^?:v'rcs X7 and aVI 
^ive the correction factors for tho di sch.:ir.:;e coefficients 
ofg^ozsles and orifices, as functions of a ratio of arear, 

. This Is referred to the area of t:\n -counting rin^; 
instead of, as usual, to the area of tl:o pipe. This sort 

Por nozzles according to ITitte, Fors?hun^ 5, 197^4, t). 
205, and unpuhlished tests* of G. Huppel, Berlin (to appear 
in Porschun^ 6, no. 5, 19,?5>. For orifices according to 
Huppel and Jordan. Forschung 2, 19^,1, p, 207, and Kretzs- 
chmer and T7alj:holz, Forschung 5, 19:^4, p. ^:8, and T7itte, 
Forschung G-e^iete Ingenieurer;esen 5. 1974, o. :^^^5 . 
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of plotting if5 chosen since in practice often *the diameter 
of the mountine ring ■ D* is known and the true pipe diam- 
eter D can only "be estimated, Metering errors art? due, 
on the one hand, to the hydrodynami c disturbance produced 
hy the upstream ed?e of the mounting ri'n^; .^/nd , on' the oth*^r 
hand, to the incorrect calculation of the upstream veloc- 
ity whi ch^ i s referred to the diameter instead of to D 
Since the two effects enter tho result with different si-jns 
the correction factors for a are sometimes lar'^^er find 
sometimes smaller than !• 

h) Gaskets Cut too Small 

Figure X7II shows the installation, and fi^yc.TO'z X7III 
and XIX show the correction factors for a, 'which, how- 
ever, can ^ive only an approximate idea of tho order of 
ma-;nitude of the resultant errore. Of course, it is al- 
ways imperative to he certain and to take care that the 
gasket does not project; see the precautions in paraf^raph 
2.5, 

c) Disturhances Due to Expanding PieceG and 
Riveted Flanges with Standard Orifices 

Pi-^ure 34, Data Sheet 8, gives the order of ma'^nitu-^e 
of the error to he expected with some installations^^ con- 
pared with the standard installation. ' 



II - THR0TTLI1T& DEVICES AT TEE INLET AlID OUTLET C? PIPES 



95, Eor the case when the material to he measured 
flows o'ut of or into a space filled with the same mat e ri r^.l , 
say air, measurements with the standard orifice and the 
standard nozzle at the inlet and outlet of a pipe line :\re 
applicahle. (See reference 10.) The diiferontial pressure 
here is the difference hetween the pressure in the free 
space (usually atmospheric pressure) and the pressure at a 
standard pressure tap inside the pipe. The pressure taken 
in the pipe is the "negative pressure'' when measuring at 
the inlet of a pipe, and the "positive pressure" when meas- 
uring at the outlet of a pipe. 

If another material is in the space upstream or down- 
stream from the throttling device and if at least one of 
the materials is a liquid, the surface tension har.- rn ef- 
fect which has not yet heen completely investigated. (See 



According to tests of Ruppel and Jordan, Forschun-;? , 
1931, p. 207, and R. Wi 1 1 e T ?o r s chung 5, 19.^4. p. 205. 
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reference 10« ) For this reason tae andar-d -nbz.s 1 e . p.ar- 
ticularly.. is unsnital>le for discharging liquids iiito air 
or ^as-filled . spaces . 

97. When measuring at the inlet of r\ cipn, the diar^- 
eter of the front surface pf the thrct tlinf; device should 
be at least 1*5 times the diameter of the opening; also, 
it should "be smooth and free of holding arran^^ement s , 
screws, and the like. When measuring at the inlet of a 
pipe, there should be no objects, \valls, etc.. that ri^^ht 
disturb the entering flow within a distance of at lo:^r>t 
20 d from the throttling device, and at least 10 d Ir.tor- 
ally from the axis of the throttling device. 

When measuring at the outlet of a pipe-, these dis- 
tances may bo reduced one-half. 

98. At the inlet, the discharge coefficient above the 
tolerance limit, which lies for both at He^ = 55,000, has 
a value of 

cLq = 0.99 for the standard nor^2:lo-, 
= 0,60 for the standard orifice. 

99. The basic tolerance of the dischar^^e coefficients 
above the tolerance limit is 

±1 percent for the standard nozzle, 

±1.5 percent for the standard orifice. 

Lack of sharpness of the ed£;e is to be considered, if nec- 
essary, through the additional tolerance of Data Sheet 5, 

100. At the outlet, the tolerance lir.itg of table I 
(see paragraph 45) apply. The discharge coofficicnts above 
these limits for the corresponding ratios of area m are: 

-For standard orifices, equal to those of figure 
22 , Data Sh^^et 5 , 

For Standard nosr^los, as i^ivon in figure 21 ^ 
Data Sheet 5, but reduced by O^S percent. 

101. The basic tolerance for the discharge coeffi- 
cients above the tolerance limits arc: 
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±1 percent for the standard nozzle, 

±1,5 percent for the standard orifice. 

Pipe roughness and lack of ed^e sharpness r.ro to be con- 
sidered, if necessary, in accordance with Dnta Sheet 5. 

102, Below the tolerance limit there are no reliahlo 
values for nozzles and orifices located at the inlet and 
outlet of pipes. Measurements in this range arc conre- 
quently to Iqo conducted only after special tests* 

III - THROTTLE DEVICES AT HATIOS OT PHSSSUHE^ 
ABOVE THE CRITICAL 



103» Measur etnent s at pror^sure ratios above the criti- 
cal may be performed when measuring flows of gases and vapors 
if considerable expansion is permissible in the throttling 
device. This may be the case, for instance, when expand- 
ing into a vacuum in acceptance tests of vacuum p\imps or 
in acceptance tests of steam reaction turbines. ^ith this 
method, it is sufficient to measure the pressure nnd tem- 
perature of the flowing medium upstream from the throttling 
device; measurement of the differential pressure ir> urxiiec- 
essary. 

To be sure, the process requires that the initial 
pressure must be changed in changing the discharge, For 
this reason and because of the high pressure loss in '^on- 
oral, the method is not * sati sf actory for continuous mearAiro- 
ment • 

104. The method assumes that the volocitS- of flow in ' 
the vena contracta is equal to the velocity of soixnd un- 
der the conditions at that point. This is the case for a 
definite "critical'* pressure ratio (Pg/Pi )kr' which de- 
pends on u, K» and n, T7ith the pressure difference in- 
creasin5;, i.e., with the back . pressures boconir.g smaller, 
the discharge throiigh the throttling device does not in- 
crease, because the pressure in the vena contracta is no 
longer affected by the back pressure P^r. Prom equations 

(XI) and (XIII), leaving out (P, - P^ ) • ^7e have as an 
equation for tho flow 
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in which 



1 - n2 p,^£ 



"2 71? 




(I: 



K 



( XXI I ) 



I 



From part B, flection II, equation (XVIII ), it is found thrt 

- ^ / 1 - '^^^ value of if attains its naxirun 

y 2g -/ Pi 

value at the critical pres^sure^ ratio and then regain c con- 
stant , 

105. With noticeable contraction of the Jet in the 
throttlin? device, the critical pre-suro ratio is first 
reached whon [i^ .hecomos equal to unity, "ecauco of tho - 

incroar>o of p,^ with decreasin^^ values rf P^/P^. With 
the standard orifice, particularly, no critical pro-euro 
ratio at all seems to bo attained, as tc:^ta of Schiller 
(soo reforenco 18) have shown; see alr>o fi<r-iaro XX. The 
standard orifice is connequcnt ly not suitable for this 
method. 

106. Table III sho^^s , as fear as in Icnovrn, the criti- 
cal pressure ratios as functions of m .^.nd k for well- 
rounded nozzles without contraction; thus for [i =z ^ 
particularly for the standard noKsle. 



TABLE III, Tho Critical Pressure Hatio for the 

Standard IToszle as a function of m and K 



K 

1.31 
1.41 



0 

0,544 
.5?7 



m 



0.2 



0.5 49 

.532 



0.4 

0.5 35 



0.6 
0.598 

.5 81 



J,,.. 



Tho eiuation 



■—1= 1.P.522 d« /p^'T; (>g/hr) (XXIII) 
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usiii^ the nomenclature of the Standard, applies for 
^a/^i ^ ^^a/^x^i^j,' this avj/Z/ig, as a dimensionless 

factor, is to he taken from figure XX, and d i to he 
substituted in millimeters, in kr^/cm^ an abricluto 

pror^sure, and in k^/m^, in case the product p^^ 

is available in tables, as in steaw tahlon, it in easier 
to \7rit0 

G = 1.2522 —1^ (XXIV) 

Since the measured values may he rotated very exactly, tr.::n- 
sition to other values of H is pcrmisi^ible rithout fur- 
ther details. Accordiu.? to available measurements with 
standard uozriles for K = 1,31, a\|//y2g amounts to about 
0,468, and for k ^ 1.4, it hecones about 0.481 for n g 
0»4. Por higher values of n, tht: value soons to rise 
somewhat • 

IV- THHOTTLIIIG DEVICES T7ITH OONSTAITT DISOKAHaE COZFFI CIEHTS 
AT LOW VALUES OF THE PiEYITOLDo !;UMB:^H 



107. The discharge coefficients of tho standard notizlo 
and the standard orifice chr:,nfl;e trith the Hoynold?! number 
below the tolerance liriit and, on the other hand, mea^^ure- 
meat at very small Heynolds numbers has practical signifi- 
cance, particularly with oil measurements, v;hen mefl^surin? 
^as v/ith hi^h hydro -^en content or very hot, and with very 
small diameters. Accordin^Uy , varioun tests have been rade 
to develop special forms of throttlin^:; devices that have 
constant discharge coefficients even at low values of the 
Reynolds number. 

108. These teste were started with tho observation 
that below the tolerance limit of the Standard the dis- 
char^;c coofficiont of the standard nozzle decreases as the 
Heynolds number becomes smaller (fi-;. Ill), which aop.-rent- 
ly is to be explained by the increased effect of fluid iric-^ 
tion: on the contrary the dischar^jo coefficient of the stand- 
ard orifice increases (fi^. IV) because the constriction of 
the Jet below the orifice becomes less. If now it were 
possible to develop a throttling device in which the con- 
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trary effects of fluid friction and jet cnnntriction ptq 
mutually coir^pennat od , thon constant di r ch/vr^^e coefficients 
mi^^ht be expected frora such a t arc t v lin*:^ iovico at siaallar 
Reynolds niimberti than froin the standard n.ozzle and the 
standard orifice* The reoults of thc;M*; tor^t'.^ have shcwrL 
thiLJ n:ethod to bo workable. A standard f^vr'". for any rrtio 
of areas, howcTor, has not boon found- 

109, Of the throttlin^^ devices i n vo s t i ^;at od in thir. 
connection, the followin*^ forns have been found to bo par- 
ticularly noteworthy. 

Standard nozzle without a cyl- 
indrical part, figure XXI 

Doublo-^bovolod orifice, fi-suro XXII 

Double-rounded orifice, fi^^ure XXIII 

Double orifice Bibliography 

2 0o^ 



110. These throt tlin^ devi cr s appear be p>uit^ble, 
accordin-^ to the tentn that have been p o r:^^ rne d , ^ ^ for the 
f ollowin*-; ranges : 

Throttling de- 
vice in Ee^j and for n approximately 

Ji ^ur e XXI 4 . 0 00 t o 1 -0 , 000 ? . r, t o 0 , 4 

Fi-^uro XXII :^,000 to 100,000 0.16 to 0.25 

Figure XXIII :?.000 to 100,000 < 0.2 

3cc:iuse of the present r>tato of knov/lcd^e of the sub- 
ject, a calibration of each of the throttlir.^; devices in 
accordance rith para-^raph 109 i r^. necesr.ar;- :it the same 
Heynolds numbers as that at which it vail be u^ed, Be- 
sides. , accordin^^ to previous experience, disturbin'? factors 
in the installation or in the upr.trear. section probably 
have greater effect at small Reynold- numbers than at hi ^^her 
Reynolds nur.bers. Gonsequent ly , it recorrnended that care 
be taken to provide throttling devices for small Heynolds 
. numbers with lon^ lengths of disturbance-free pipe and care- 
ful installations, as well as that, for nccuratc r.oasure- 
nents, the throttling? device be calibratcul under the sarre 

installation conditions as those v;ith w-iinh it is to be used. 

« _ ^ - > ' , — — 

According to unpublished test results oi R. 'Titte; rsloo 
for throttling devices like fig. XXI (see reference ?7^)] r^or 
throttling devices like fi^. XXII (see references 5 and ^7-); 
for throttling? devices like fi-^, XXIII (see references 4 and 
12). 
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V - aElTEHAL iNrORMATION ON TEE OONNEOTI^Ta Lll^ES 
AND THE DIFFERjllTTlAL PRESSURE OAflE 
a) Genoro,! 



Ill; For acceptance and lal>orator,Y tests, a one-* or 
two-le^'^ed U-tube is used for the differential presnure 
ga^^e. If the differential pressure fluctuates, the only, 
^a^e to he recommended is the sin?le-lec;^-?;od U-tuho , the 
second le% of which is replaced hy a container of prcf^/^^- 
ahly a hundred times (greater size. Direct readin-^? of a 
scale hehind the •:^laas tuhe Ib accurate only v/hon oho di'^"- 
ferential pressure is quiet. A slide may be used to oh- 
serve the meniscus without parallax and then the reading 
may he made later on a scale at the side, 

112. The ^lass tuhes should he at Iccart 8 mm in diam- 
eter vrhen m.ercury is used, and at least 15 mm in diameter 
when water or carbon tetrachloride is Uiied, in order to 
avoid errors due to capillarity, l^or r\adin^?s smaller 
than 50 mm, U-tubes are to be ovoidnd. Sij^^tII norcury road 
in*;s in steam or water neasiir einent s may be anplifiod by 
ur.in^ some other soalin^^ fluid. A useful one is acetylene 
t etrabronide • Its density is approximately 7, k^/liter. 
However, when used for lon^jer than a we-^k, many disar?reo- 
able characteristics develop and make clean v;ork difficult 
Carbon tetrachloride is more pleanant and, at the same 
tine, t;iveG an amplified reading. Table IV i^ives the rola 
tion of its density to temperature. 



TABLE IV/ Density of Onrbou Tetrachloride 



Tonperrxturo , °C 


15 


----- ■-^ - 


'""25 ^ 


Density, kg/litor 


1.605 


1.595 


1.5 35 



IIP'. Inverted two-le^.^ed U-tubes filled with air or 
benzol over the water, may also be used. 

114. Special mi crom.anomet ers have been developed for 
measuring; very small differential pres^aires of 2;ar?es; anon^ 
them are the Askania-Minimet er and the Debro-Mini skop . 
These two devices are suitable for testing service rfif fer- 
ential pressure f,af;es (rin^ balances, etc.), Sin^-le-le-sse 
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slope-?a<?G mi croraanoncters are very difficult to use accu- 
rately and require very special care. 

115. In choosing the most nuitalDle differential pre:*- 
sure meter, several matters must "be corxr.idercd from the 
technical aspect of metering. The amount cf the lino 
pressure and the differential pressure are the chief fac- 
tors determining the type of .the differential pressui*e mo- 
ter - thus, whether a float manometor, rin^^ balance, cell 
float, etc., is to he chosen. The ratio of arears ^ivin^ 
the largest differontiAl pressure for the throttling: do- 
vice under the ^ivon service conditions i to "be clxo;5cn. 
If a reduction of the effect of expansion i desired, low 
differential prcfTSure and so, larg:3 ratio of areas, to 
he used; on the other hand, it is rocoFiir.euded that ^rrali 
ratios of areas and so, large differential pressures, "be 
chosen since, under these condition*^, tho tolerances for 
the discharge coefficient and the errors duo to installa- 
tion diGturhances are smaller, i-nd also t-ho actuating 
force for the differential prersnure r;.et-^r i^. increasodg 

h) Differential Pressure Meter for Con'-inuous Service- 

116. Differential pressure jneters, both indicating 
and recording, usually have an arrangement for extracting 
tho square root and therefore have oqual ci visions for 
the disch£',rge, nt least over the -Creator part of the scale 
Since the differential pressure dt?creaser:. as the squr.re 

of the di recharge, ;jtandardi2ation noar the zoto poir.t is 
uncertain. Important measurement should therefore "be made 
with a sufficiently high differential pressure. For low 
flows - discharges of less than 10 to 20 percent of tho 
maximum discharge, according to tho desi^^n - sufficient 
accuracy cannot he guaranteed. 

117. If the scale of the dif i nrent i;il pressure meter 
is divided into units of the discharge, it cm apply only 
for a definite state of the flowing material, teriacd tho 
"hase conditions.'' The actual state of the rr.aterial, 
termed the "measurement conditions," is ijis-^ially more or 
loss^ different. The difference hotwcon bane and moasuro- 
ment conditions may he considered with ga^^on and liquids, 
hy multiplying tho volume rate of flow road at tho anr;a- 
ratus hy the value J^J^io and rith ntoam and wat-ur' hy 

multiplying the weight of flor hy the valun 7 Y^/V^T 
Here 



is the donrity under measur€mL?nt conditions, 
density under hase conditions. 
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If necersary, c'lan.^en in thr denritv of th^? c^en.ll 
fluid and of the su"b3tance over the nealin^.; fluid in t"::G 
connecting lines is also to "be considered. 

•113, For very accurate contlnuouc mea^"!vrement , it i 
also to "be considered that the expansion T'^-^ctor € 
chan-:j'^s with the differential prer.sure, \rhiie tlie calcu- 
lations of the differential prtsssuro iiictor nr..' usually * . 
carried out considering € as constant. An averae;o value 

is uyod hy most manufacturers in calculating^ tho 
corresponding to 2/3 of the normal discharge or 4/9 o.f t 
normal dif f e rent ial pre^-. sure . 

119, The follov'in? discussion of the different byorn 
of aouoratun .md their evaluation refers only to tho ■h..- 
ory and practice. The quality and s e r vi c eahili ty of t: r 
■apparatus tc a l^^.r'^^o decree am dopeudont on the carf' e:.- 
ercised in its manufacture and especially, on the perfec- 
tion of its structural forni. 'Vith rei;nT^ to the latter, 
it must he reckoned that in all fine a;-oaratu.s "bearings 
the friction error increases more than line.?rly with the 
dead weiisht of the parts movin^^ in the .-caring. Ccso- 
quently, with respect to this friction crrcv, r-lie fi^.er, 
more ele^a.ntly huilt apparatiis is ^"soncr--^ lly -i^roferahlo to 
tho more ru^^edly ouilt apnaratus, fror st. andpolnt of 
nietorin^:;; tochuolof^y. Extracting; the cqua::-- root, c-prcial- 
ly, places very hi^;h requirements on th.? .^ej^i^ii and manu- 
facture. Its accuracy is very consi dr r hly li.dtcd in- 
sofar as the boarin^^s spacing? is :^aintai:^^-a constant with 
res;)cct to other operatin^^ ;rarts in the -structural design. 

120, \iith float iranomet er s , extractir^ the square 
root is done either by a corresponding lorrfation of the 
chamher in one le^ of a U--tuhe, cr hy T-:echanical irietl'ods, 
i*e., hy a can or electrically. Ext ract-int^ fie square 
root "by -eans of the chamher shape is theor :t i cally posni- 
hle only down to a riniinun di <^ rent i al readi-^i:, :7hi(:h is 
louver, the greater the ratio of thp diiferenti-1 pr'-rsuro 
to the float travel* Consequently, and orcauso of certain 
structural advanta^^cs occurrin?^ inci dent - lly , float maneu- 
etors extracting tho square root hy the chamber shape -^ro 
useful particularly for stean ?\nrl water :.ieters, for vPnich 
a sufficiently hi^h differential pressure is available. 

Float manometers with cylindrl'cv- 1 chrmbers, in ;-hich 
th^-^ square root is extracted by a cam, have tjie n-imc rans;;e 
of use. Ti'ith those » extractiuf^ the scpiaro root is theo- 
retically possible at small ratios of the differential 
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prei^surc to the stroke noarl:/ down to th^ zoro point "nit, 
practically, oecpMr.e. of unavoid.ablo fric-.;ion orrori^ .and 
"because of the very consideraolo translation ratio nocGrs- 
sary at the sero level, it is pofir^ihle only dovvn to a 
point that io dependent on tho desii^n and ^ o rkr.an ir.hip . 
Kote f^hould "be taken that, l-^ecaur>e of the ;i.i:idratic Inv:, 
when the dischar^;e i r> a tenth of the niaxir'^iM, tho differ- 
ential prensure hatS only a hundredth part of itn naxir^uin 
value • 

A disadvantage of all float nrincmot r b in the mce^''- 
sity of transferrins; the float movorcut n\At-iidc tlio prc^:- 
surn space. This is done throu5;h stuffing-; 'ooxob or "by 
magnetic cctiplin^s . 

1?1. With rine; "balances, ort ract in:; the sc.uaro root 
is theoretically po r^ihle down to the zv.rc -^oint. They 
hav(^ a vor^r hi^h interncal actuatin-; r'orco. Thif' charac- 
teristic makes then particularly .nitanl' for low dii'fer- 
eatial pressures. For di f f c r nn t i ;i I pre \r.' r':'^ .-.love o 
ters of watei'', the ^-ize is in con ve::i r r. b ly iir-sc. In spite 
of this, they ;:.re often used in this r-:: :c 1 i the chor- 
ical industry "because of their ^^ooci. c> ^ r ct ^ri. st i . Other 
advantageous characteristics are th;'.t» i: ontrast to nost 
other differential pressure winters, th/'^r r o i^lin^ is in- 
dependent of the specific ^ra'^it^^ and ; O'^no of t:\c so^l- 
in^; fluid vrhcn the inetorln^ drum i i-i rado s;/'';:u:t ri cally 
\vith re:ipect to the axis, and that the ran^e of di^'fer^m- 
tial prcsi^re (end readin*^s of tno scale) 111:17 le ch.V(.ni^;'> 1 
over a -.rido rr.ngo hy chan-cjini? tho; sens :P. i vi 'y . 

l^P, Extracting the square root with t - ^ ria^ halance 
is done eithnr "by means of the force or the trr^vel. In 

extractin^^ the square root hy noans of ':.:'e ^^urce, tlie ex- 
ternal actuating force is made to incroaso - s tiio sc^u^m**^ 
of the differential pressure and "horefor''^ prcpc rt i onally 
to tho d i schar'Ole . In extracting the squ'.ro -""oot "^^y rv^'inr 
of the travel, on xhe contrary, onl^^ tii' i a .li ea;- 0 r nioynmnnt 
is proportional to the dischar^;:e^ '"hile tr.e -over.-jnt of ^ he 
"balance' rin^; ^oos ppproximat .^y linearly -vif... tho differ- 
ential pros siirc . 

Tho fir'-^t method has the adv.anta^o tha\. near the '^-ro 
point there is a relatively lar^^e .'^n^^Lo cf rotation of the 
rin? "balance and so a hii;h capability ^'nr doin-^; worL. In 
practice, hc\;over. there is n con ^i do "bl 0 dcilay in conii:-^ 
to rest, so that, vith low di f f orent i:j.l yrnnsurvs.* '■he sec- 
ond r.ethod is usually i^i'ti.f erred. 
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i;;^?. Bell-float dcvico?5 hrzvo t^io adv'-.nt a^e that tLoy 
deliver a s^'^at deal of po'^rer, and "becnnr.e cf t.iif; c':.rid 
their simple deyir^n they are very sturdy and reliable* 
Thev are therefore Tvell suited for rough service condi- 
tions and for unusual services. If the n.,rt cf the hell 
imnerr^cd in the sealing fluid has practically lo vol'irf.o, 
chan-^c^j in density and, within cGrt.::J,n linitn, the q\'.antity 
of or:alin^ fluid have no effect on the inea '.-^iironont . With 
thoac metrrin^:; devices, the external ar^t ir\t in-^^ rJorco iz 
delivered through counter^prini^s or''.':eia;htn to a :r.ov;^.ole 
lever arm. If, on the other hand, the ouoyancy of t>f '^::^li- 
flont voluirie varies \vith the stroke and is r c: voon 3 i o 3 o :ov 
the external actuating force, chan-^cs in the de.:si':y rni 
the quantity of sealing; fluid entor into. th,o inc;.. rur e :icnt . 

i?-!. Che diaphragm differential prof^-^uro noter rvst 
op.^rate \vith a traniiiier ar ra^n-^onent tha.t operates 'vith a 
hi-:;h ratio, on account of the ^iaphra^m ntroko amountin-i: 
to only a fe^v ini llino t ers . Thoy arc onnecially important 
;?here it is necessary to operate 'vrithoat a il-iid, i,o., in 
ship service, or whoro norcury rust not b^, a-^ed for reasons 
of health or corrosion. 

125. In addition, there is a lar^c rnir/.ber of irethods 
in vThich the differential pressure vnrlec r-or-? clGctric^l 
quantity directly without using any intermediate rr.e^uien- 
leal members; for example, Tiercury closes ccnt.'ets or v?>r- 
ies the flo\v of current to points on the t^econJary of a 
t ro,n sf oriner , or a mat^netic or inductive resist;-ince is 
chan-^ed by Tne.'ins of a suitable float, etc, 

ir:6. In the comirierci al differontial pre^.sv're r.iotcrs, 
the discher'^e is uraially indicated or a sc:;^le or recorded 
on a chart. If the recording pen r.iovos on the ch.;.rt pro- 
portionally te the discharge, the cr.art r\ay b''^ planiretorod 
and so the total quantity disohar';ed in a ?v;iven period of 
time r.ay be dot eriained . Usually the cha^.'ts cannot be ol-rn- 
inetered down to tu*^ zero line. In -^hin car.e 'Ic true sero 
line does not a^ree v;ith the called plan! '^:e tor zero line, 

v/hich ill obtained theoretically throu-?h extrapolation of the 
propo rt i onal divisions. 

l^V. Additional apparatus r.ay be installed in or added 
to many differential pre^^.sure r.eters for electric telerueter- 
in^ or to release control impulses or, ^.vhich is most i:npor- 
tant , to record the total flov7. The resi'^ters, of Vv'hieh 
several no ch-mi cal ;ind electrical const ruct i on s arc aval la- 
blo, intc5;r.'ite the dischar^je against ti?: 0 . If the density 
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of tho 'nateriil coin^ retired 0::-^^^ a, it r.ry do ^^onir-: jIo 
to use auton-itic correctin*; arran^^Gr:ont 3 tlin.t the cMr>- 
chart^c (weight or voliine) of the ilov/iii':^ r.aterial will "bo 
re'^ir.tered accTiratoly ^ith its chnnscs in dcar-^ity, 

c) Connections to tho Di f f oren t: i • ;i ?-r.;?r'>aro ?Litor 

1??.8, In measuring noncomprop^Bible fiiiid':^. , the diifor- 
entip.l presr.ure meter should, if po^-rible, oe located he- 
lo\r the throttling device and, in oaco o:' zto^-m roa^ure- 
nent , helow the condensing chamher.-:; thi^; in in or-^^^:.- 
air separatinig in the differential vverr^y^iro L;.nc?, :::.?..L -ct 
collect in the differential pressure r.etor ^vil r,:r.y ^cc-:.jo 
into the pipe line. If the static pre.'M;.ure in the pipe 
line is si-iall, thro differential prof^t^urc :Ig to he c>c.t co 
far oolow the throttlini^ device th.'^t a .ir:,;!! e::cc"^> pr on- 
sure is al^vaya actinf^ on the low pvov>B^ire • i do of tno d? 
ferential prG^-^j?ure meter. If tho diff nr^^ntial preriourc 
rioter i3 located aoove tho throttling 'io\'^og, provir;ion 
ia to bo made for roniovir.^ th^^ £:a!3 tlu'ouivli :\ c trap at 
the nis'hent point of the di f f eront ir.l r. line/ 

1^9. In Doasuring ^^acos, the di f f er r :i t i;;! pro:* :u^re 
meter is to be set as high a'.^> pCs:'^ihle 'ov- tho^ thrct- 
tlin-? device, no thot liquids concnn i^i in the dif^'r.roa-' 
tial pressure linos inay flow hac/: to tho jipo lino. If 
the prensuro in the pipe li.:e i ? holow t r ;; ;\ jhi ri c , rpocial 
care is to he taVon to nee th-t the di ^^f ' r -nt i;.l I'Vu-zuVQ 
lines -nd their connections are l:i;^;ht. If thr :Uffer;=^n- 
tial prof^aure neter ^:ust he located opIo^^ "^bo throttlin.r; 
device, it is reoonmended that tho di f 1 o r on i; i :i 1 prerc^uru 
lines oe led to a point helow tho throttlia^^ device and 
the differential pressure motor, and that a >^oparatory 
chr.mhor for condons^ates of water, tar, otc, he provided 
at that point . 

170. The differential prei^snro Iiiir-, -hould be at 
least 9 mm in inside diameter and rhould to • ? r.:iort as 
pos*si"ble. In neac^urin:; f^team or hot fluids or hot £^ancr. , 
they must he so arranged that no hot fluid^^ c: n enter the 
difforontial pre^^i^ure meter. The di f r t i al preri^aro 
line^- nhould always ho laid with gradient (^?t" least 1:10, 
prefornhly less than ^5^). Colloc^ior of -^■ltcr in .-n-, 
Tncasurement and r>ollection of air in lioui l noa^ur ernent 
are to he avoided hy proper layi.:*:; of the oipes or hy the 
installation of j:^uitahle soparatorn. Sharp oondf? r r 0 not 
porini Bcihle, If the differential proaouro lines contain 
water, care must he taken to lay them where thoy will not 
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freoso. ?i^iare XXI7 sho\v?> an r.rran ricn t of doublo : ror^- 
sur:; tapn indopondcnt ox'' oach ether, thftt nay 1)0 ronon- 
nondod for i?teain mormnrcmor-t • 



VI - APPLICATION TO ACC3PTAITC51 3TA"::JA:lJ3 IIT 

STEAM AND coiiDEKSATS measuht;:;:]:^t 

a) Tolorancos for Reading the Difforontial Fro :?u.rc ?! -lo 

131. Tho neasxiroment of Px - P^ reC'ViTo^^ the- .[;rc:.T,- 
est ere. For the reuui rement n of the di f f c re:*t i ^3 1 pr^-jr- 
sure TTieter, goo paro,i^r.-phn 61 and 111 ff. 

135 • Tho Gcnnoctin^^ lineo to tho di f f creriti r?,! prer,- 
suro Tretor Ttnicit "be tested for '-^ip^htnon;!: , incladin=? any 
connect iiiis lirirs thoro may "bo c.ot^7•n'3^ t"ie two nidor? of the 
U-tuhc, The lines v.ViV.t he filled 'Tilh a definitely ki-.o^vU 
suhstance, which is insTired by repeated ^tI^cvovl^ hluvin;?- 
out of the lincj^, (See also oara^^raph 0", ^> vrr ll p'lr- 
a^^raphG IP.S to ir:0.) 

1?'-^. For accoptanco tcst'j, tro indeoe^ncl^nt dlfferonti 
presr-ure meters are to he provided for re'.r.o::n of c irt^iii- 
ty, each r/ith its ovrn linnn and \rith couden ::,o'.,t c c:i/vi^.her 
for the i:».pper water lev-^in in each of tha t-^,^o ]inc.^, ani 
no test t?hoTild ho hoi^un oefore the tro rca,din-;,r r-^r^^o. 
Fi ;;ure XXIV G;i0\Tr> a proven arran ■^onor t . TThori condoru^ate 
chambers \vith over::low3 are uned, -roat care r^honld he 
taken that the ovorflo.v lines to the t^toan. oipo have no 
constrictions, in the forr. of either vroldod sean*;s or pro- 
jecting^ i:':askets, that they b'i trVie , i.o., wit:;out cudden 
chanson, and that t,hey he an ehort as -.^or^ziole and inj^u- 
lated. In condennsate chamoori^ with horizontal stoar in- 
lets, the side taps and the conneotin.'? linos nuat lie in 
the r,aine horizontal plane. 

Before atartin^^ tho tent, acor;rdiii^-;ly , r^irv- v\\\^t ho 
taken thrt the chai;.her5 are filled v;ith condeu:vato or wa- 
tor. IThen necessary, the charhen? are to ho coclnd* 

lo4. The zero point in to he checlcod b^^icvo ant3 after 
the t e p. t » 

■^1 "^a J^'hould he read directly from the difforoa- 
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tlal pressure meters. The smallest metering? area should 
"be so chosen that the displacement of the sealln? fluid is 
more than approximately 75 mm, 

135. The average of the two differential pressure me- 
ters is to he used in the calculations. If the agreement 
of the two differential pressure meters is within a per- 
cent, an additional tolerance of ±a/4^ but not less than 

^0.5 percent, is to he applied to J^^ - P3 and thus to 
the discharge in order to take care of the possihility of 
error of the differential pressure meter. 

136. If the manometer reading changes slowly hy more 
than 5 percent, the average value is not to he taken of 
the readings hut of the square root of the readings. 

Short-period fluctuations of the order of ^3 percent 
may he taken into account hy means of frequent readings. 

h) Tolerance for 

137. The density under the conditions upstream from 
the throttling device must he measured with the same care 
as the differential pressure. Consequently, there must 
he known: for water measurements, the temperature; for 
steam measrurement s , the temperature, the pressure, and the 
relation of the density to the pressure and temperature. 
(See also paragraph 64 f f . ) 

l.'^S, The temperature should not he measured too far 
from the meter (see paragraph 65), ohservlng, however, the 
installation prescriptions; thermometers of known accu- 
racy are to he used. It is recommended that a second 
thermometer of another type he used in a different loca- 
tion. 

139, Pressures up to 3 atm abs are preferably read 
with mercury; above that Bourdon tube nanometers of known 
accuracy are to be used. Care is to be taken with the 
pressure tap that the bore is flush with the wall and has 
no burr. With high values of m ?.nd large differential 
pressures, the pressure P^^ is to be read in the plane of 
the differential pressure tap. (See paragraph 65.) 

140, The absolute pressure and the absolute tempera- 
ture (273 + t^ C) can be determined with careful manipu- 
lation to ±1 percent, and 0.5 percent, respectively. The 
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dependence of the den^-ity on pr<^RGUi"*e nnd tempernturc in 
the case of steam i f5 known (see references 7, 11 » and 19) 
within ±0.7 percent up to aliout 50 atm abn. 7he total 
tolerance for 7^ is determined by the law for coi!ioinin^ 

errors to he ^1 4- 0.25 + 0.49 = 1.4 pernent r^pproxirat p 
ly. In determining the ^olerance for the dii'ch,-r?o, it i 
to "be fi.^;ured at half-rate, or ±0.7 percent, -ince 

enters the matter, For separate tolerances other tlrn 
those %iyren ahove^ the total tolerance for the f^e.i^iity 
must he corrected accordingly. 

c) Total Tolerance 

141, The total tolerance is to he dctcrminod froirj tli 
individual tolerances for a, €, s/\ * and ^P^^ - by t 

law for combining error. Two exampli."S arc ^ivon: 

a. In measuring water with a basic tolarance of 
±0,5 percent for a, an additional tolerance of 
±0,5 percent for pipe rou^hn»';Gs, of :tG,l porcont for 

y^i, and of ±0.5 percent for yp^^ - P^^ . tho total 

tolerance is 70.25 + 0.^5 + G.Gl f 0.;^;1 ---- 0.9 per- 
cent , 

b. In measuring stoam with a baric tclcr;,nco of 
±0.5 percent for a, an additional tol-rr.nco of 
±0,5 percent for pipe rou^hno-is, a tolcrrnco of ±0,5 
percent for e, of ±0.7 percent for ^7^'" , and of 

±0.5 percent for ^'^^^^ toler-mce is 

yo.i5~oT^5~o7^5""^"^0^^^ = ±1.P percent. 
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D. EXAMPLES 



!• Calculation of the diameter of throttling device for isiven service con- 
ditions and a chosen differential pressure (examples 1 to 3), 

3# Deterrrinin^ the discharge for a given throttling device (examples 4 and 
5)- 



G-iven: 
So-'Jght: 



Given: 

Sou^^ht: 



Discharge 

Diajnotcr of f Example 1, Plov;in.i: irAtarial, Water 



the throt- \ 
tlin^ device [ 

Meter ins f 
Arrangement -l 
Discharge 1^ 



2. 
3, 



4. 
5. 



Dry air 
, Superheated steam 



Superheated steam 
Koist air 



EXAIff LE 1 

Flowins material; Water 
Given: 

Haxinuir. discharge G = 40,000 Ic^/hr 

L;easured line diameter D = 100 nn 

Maxim^im differential press-ore h = 100 nn (Hg - EcO) 

= Pi - Pg = 1255 lce/r2 

(with nercury and water at a torocraturo of alDout 20° C) 



Sought: Diar.:etcr of the throttling device* 
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2 




ITozzle 


Orifice 








a 


Id 


t a 


; b 


1 


Water terrperature 


On 


15 


100 




100 


2 


Density of water, yi 




1000 


D58 


1000 


958 


3 


ma from paragraph 43(b) of the 










Standard; see also Data Sheet 4 


— 


0.2S45 


G.2905 


0.2S45 


C.2906 


4 


a from figs. 19 & 20, Data Sheet 4 


— 


C,012 


0.C14 


0,670 


0.672 


5 


ni= (item 5/item 4) 


— 


0,281 


0.S&65 






O 


Reynolds ntunber Rej) (from Data 














Sho'Bt 7 at maxiraurn flow) 


— 


123,000 


488,000 ; 


i;:3,'.G0 


4'::, COO 


7 


Eaynolds number at the tolerance 








i 




llITilt 




110,000 


110,000 1 


ICO, 000 


lis:., coo 


8 


Discharge at which the tolorance 






] 
i 








limit is reached (}rn = G ~— i 

Hen 


Vsxy /lit* 


; 35,800 


9,000 i 


<!2,200 


10, 7X 


9 


Correction factor for pipe roiijeh- 
ness (for noszles, f ig, 2oa, for 
orifices, fig. 24a, Da^ta Sheet 5) 




— 


i 


1.009 


1.0095 


10 


Correction factor for lack of edge 
sharpness (fig. 24h, Da.ta Sheet 5) 


AH a* 


— 


i 




1.0075 


JLX 


uorrecLGQ vaiue oi (x, 








0.6P1 

1 
! 

C.418| 


0.683 


1? 


iiecaicuJ-aT/ea value Oj. m using 
tlie corrected value of u from 


— 




j 

! 

1 

1 

! 
1 




xo 


Diemeter oi tne throttling aavico 
d = yniD^(at measurciriont terr*per- 






1 

i 


i 






ati;re) 


mm 


53 


53.5 i 


64, g! 


65,2 


14 


d at 200 (V2A steel) fig. 17, 






i 


1 
1 






Data Sheet 3 








54, 6 i 


C5.0 


15 


Basic tolerance for a (above tlie 








j 








oorcent \ 




0.5 


O.oj 


0.5 


16 


Additional tolerance for pipe 


i 




t 


i 






roughness 


"':iC3rcent • 






1.2 i 


0.5 


17 


Additional tolerance for lack of 
edge sha.rpness 


i 

percent 1 


— 




0.5 1 


18 


Total tolerance for a 








i 






/(Item 15)2 +( Item i6)2 + (jtem 17)^ 


percent 


0.5 


0.5 ; 


1,4 i 


1.4 


19 


Tolerance for ^/Pi-Pg (af3S(;raod 1 








1 

1 






reading on U-tubc manometer) 


percent 1 


0,5 


0.5 i 


n r. • 


0.5 


20 


Tolerance for ^/y (assTjmed) 


percent 


0 


oi 


oi 


0 


21 


Tolerance of the measorement 






1 

1 


i 






/(Item 16)2 +( Item 19)2 + (ltem 20)2 


percent 


0.7 


0,7 1 


1.5 1 


1.5 
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BXJLMPLE 2 

Plov/ing naterial: Air 



Maxinuin volume discharged 


0- = 


1300 m 


' /iir * 


at standard conditions 


00 




60 ! 


nr?. Eg 


Maximum differential pressui'e 
^ P2 (at 30^) 


h = 


100 


an 


HgO 




ion 






Air tenjjerature in the line 




50° 


C 




Measured line diameter 


?i = 

D = 


3.'5S 
500 


0 K 
na 




Baroiiieter reading at 10^ 


Bo = 


755 


mu 




corresponding to 


Po = 


10 , 


265 


kg/ns 


G-age pressure upstream from 










the throttling device 


Pi = 


450 


un 


HsO 


Fres!-iure upstream from the 










throttling device 


Pi = 


10 ,715 


kg/ a 2 



— — „^ 1/ uii-^. J. J. <i A c ii !v J. ti, X pi-iit>su.7u r.i©!;cr usoci nas 

a scale divided into units of the discharge, so that it is calcu- 
lated with a consjtant avorugo value for c. (3.'.;e paragraph 113.) 

Sought: Diameter of the throttlin- device 



Itea 




! 


I 


Wo. 




h'.ozzle 


' Orifice 

h 

1 1500 

\ 


1 
2 


VolvOT.e rate of flow St 
Factor for recalculpting to measurement 


d.rc^/iir 1 1300 

I 




conditions, J 


i 

|C.9£20 


0.9220 




(Pj^ = 1033 l<g/m^; Tj^= 273^ K) 


1 






(see equation (10), Data Sheet 3) 


! 




3 


P P 

Pressure ratio -^r ^ 

Pi 


jO.GOSo 

1 


0.0093 


4 


€ for m = 0^2 (estimated from Data 

P - P i 
Sheet 6 for 4/9 5- (see para- 


! 

I 


! 

I 

i 




•^x 1 
graph 111) j 


! 0.997 1 


C.9-J9 j 


5 
6 


mci from paragraph 43 (See also Data j 
Sheet 4) j 
a from figs# 12 and 20 (Data Sheet 4) j 


i 

j 

i0*1430 1 
i 0.S93 \ 

I ! 


i 

1 
1 

0,1430 
C.620 


7 


rCi - ~ (first approximation) j 


;C.1440 , 


(;.2c05 i 



*Scc footnote on page 
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Item 
8 



10 

11 
12 

13 

14 

15 

16 
17 
13 
19 



20 
21 
22 

23 
24 
25 



26 
27 



ixJozzle 



Std . 
mVhr 1.070 



o.i4;^c 



Eejmolds rma^ev Ee^ at maxinum discharge (from Data 
Sheet 7) 

ReyTiOlds niim'ber at the tolez-ance limit Re 

(paragraph 45) 
Discharge at which the tolerance limit ie reacl.ed, 

m 

Corrected value of € for calculated value of m 

(from Data Sheet 6) 
Now m a is to "be recalculated { 

as compared with the first asstimed v^.lue, thore 

is no noticeable difference; a and m may be 
retained as in Items 6 and 7 
Correction factor for pipe roughness , from Data 
Sheet 5 

Correction factor for lack of udge sharpness, 

from Data Sheet 5 
Corrected factor for the effect of viGCOslt;,-, fror: 

Data Shoot 5 
Corrected value of cc , a^i 
Cor rected value of m, 

d-y n^lf at temperature of moasureraent 
d at 200 (aluminum) fig. 17, Data Sheet 3 

Tolerances 

Basic tolerances for a, from Data Sheet 5 

Tolerance for pipe roughness, from Data Sheet 5 

Tolerance for lack of edge sharpness, from Data 
Sheet 5 

Tolerance for a 

Tolerance for e , frora ta hlo II 

Tolerance for P i - 
(from data of the manufacturer of the differen- 
tial pressui^e meter, applicahle in percent of 
the particular thecreticel value in the gurxan- 
teed metering range) (estimated) 

Tolerance for v^Yt (assumed) 

Totd tolerar.cG of the mcas-arencnt » \ 

y(Itom 2S)2+ (Item 24)2+(ltem 25) ^+ (lte:n 26) ^ [percent 



'92,Q0C 
75,000 



Orifice 

S2,C00 
55,000 

7Si3 

n r n 
..■ » ^ ^ ^ 



I 



jpercsnt 

percent 
percent 

■oerccnt 



0.99? 
0 . 144 
113.8 
113.6 



0.5 



0.5 
0 
1.5 



I 



I 



: percent ! 



0.2 



1.6 



1.000 

1.003 



0.620 

0.230 
144.1 
143.3 



C.5 



0.5 
0 
1.5 



0.2 
1.6 



.♦Standard conditions are 760 mm of merc-ur;' and 0° C; see Iteni 2. " '.\ ;.r/lirj^ 
as in cqmtion (10) rofors to standard conditions of 1 atmosplioro (1 k^ij/c ) 
and 200 
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ifXAMPLS 3 



Plov/ing nateral; Superheated stean 

&iven: Maxinun discharge 

Haziuuu dif f erent ial pressure 

- 

Pipo line dianoter 
Stean pressure upotroan fron the 
throttling device 



G :■ .lO ,000 k.^/hr 
= {\ V. V.pC = 
59 8 6 hfi/n- 
(:-.t 20'--') 
D 200 nr. 



= 12 atu r.hr. 



120,01-0 .■;/>: a 
360° C 



Steaia temperature t^ 
Specific volume (from Knobi.iuch ' 3 

otean Table, 1932) v^ = 0.243.? in-'^/hg 

Density ~ 4.112 Ic^YnS 

The differential pressure nietor is a float inanor.eter, v/ith a 

scale divided into units of flow, v.o that it is calculated viiih 
a constant value of € ; see pnre.^rraph 13 7. 



Sought; Dianotor of the throttling device 



1 1 en 
No. 



1 
2 



4 

5 

S 

7 
8 

9 

10 

11 
12 

13 



Maxiinun discharge 
Ratio of pressures 



ks/hr 



Pi - P= 



c estimated for n = 0.2 ,and §. 



■=0.022, 



I 



from Data Sheet 6 
na from Data Sheet 4 (sec also paragraph 43) 
a from fig, 19 and 20, Data Sheet 4 

a 

nil a for € i 

ai froni figs, 19 and 20 (approxiroatlon sufficient) 
nil from -5^ 

Reynolds mmbor Rej) at naxir.ixin diochareo* (Data 

Sheet 7) , extrapolated 
Reynolds nunher Eogi at the tcloranco linit 
Correction factor for pipe rou^shnoca f ror.i Data 

Sheet 5 

Correction factor for lack of edge sbarpness 



IToasleJ Orificej 



40 , 000 ' 
0.05! 



0.985 
0.:ri68 
1.074 

0.431 

o.rii70 

1.074 
0.4^? 



3,000,000 
200,000 

1.00;:; 



40,000; 
0.05' 



0.9921 

0.5131 
0.778 

0.65Sj 

0.51'ioi 
0.779! 

0.660 



;, COO, 000 

270,000 1 



l.OOC 



I 



*In industrial steam measurement, the Reynolds numher generally I ins so hi^h tiaat 
a trial to see whether it lies above the tolerance limit is not necoosary. 
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Itom 






r~ 




llo. 






Nozzle 


Orifice 


14 






J. . U ' O 


U . (■ tso 


15 


Final value of m- m ^ 




n API 


U . OO f 




d = Vni^D'- at temperature of measuroracnt 


mm 


138.9 


lS-3 .1 


1 7 

X ( 


a aL c\j^ c vV^A steeij 




137.8 


161.0 




loicrancos 








18 


Basic tolerance for a, fron Data Sheet 5 


percent 


0.5 


0.8 


19 


Tolerance for pipe roughness 


percent 


0.5 


1.5 


dU 


Tolerance for lack of edge sharpness 


percent 






21 


Total tolerance for a 


percent 


0.7 


1.7 


22 


Tolerance for € , from tahlc II 


percent 


0 


1.5 


23 


Tolerance for y?, - Pg (froiTi data of the manu- 










facturer, applicaole in the metering range) 


percent 


1.0 


1.0 


24 


Tolerance for 


percent 


0.7 


0.7 


25 


Total tolerance of the measurement 








v^Cltem 21)3 +(ltom 22)2 4-(lteKi 23)2 +(itein 24) ^ 


percent 


1.4 


2.58 



EXAMPLE 4 

Flowing mtorial: Superheatod stoan 



Standard nozzle 


d 


40 mm at 


Material, cast iron 






Measured inside pipe diameter 


D = 


100 mm 


Ratio of areas 


d^ _ 


m = 0.16 


Installation 


Standard 


Qage pressure of steam 


40.5 


atm 


Steam temperature 


400^ 





20° C 



Sought; Weight of flow 0 ke/hr at a differential pressure of 525 m 
(HS - H^) 



ITACA Technical Meuorandun Ho. 952 54 



Iten 
llo. 


. — — 1 

Metering and Calculation Results 




Nozzle 


1 

2 

3 

4 
5 

6 

7 

8 

9 
10 

11 
12 

13 

X'x 

15 
16 

17 

18 


Q-age pressiire of the steam upstream from the nozzle 
(corrected according to the manometer calihration 
curve and considering the col-umn of water in the 
manometer line) 

External air pressure Bq at 0*^ C 

Po 

Absolute pressure of the steam uDstream from the nozzle 
Pi 

Temperature of the steam \3pstream from the nozzle 
Density of the steam upstream from the nozzle 
(from Knoblauches Steam Table, 1932) 
Differential pressure (measured at 22^ c) h 

Differential pressure Pi - = h(7h* -7') 
(see equation (3), Data Sheet 3) 

P — P 6580 
Ratio of pressures ^ = 4^5 

Expansion factor €, from fig. 27, Data Sheet 6 
Discharge coefficient a, from fig- 21, Data Shoot 5 

(see footnote to example 3) 
Correction factor for pipe roughness 

Correction factor for the diameter of the nozzle at 400^ 

(from fig. 17, Data Sheet 3) 
Weight of flow a, from equation 1, Data Sheet 3 

Tolerances 

fTnlnrnnnP f nr £ f rnm tnbln TT 

Tolerance for reading the differential prossuro^/Pj^ - 

(with U-tube manometer) 
Tolerance for € (including tolerance for pressure and 

tenqperature measurement) 
Total tolerance of the measurement 


atm 
nm Hg 
atm sibz 

atm abs 

kg/nP 

nn 
(Hg-HaO) 

kg/hr 

porcont 
percent 

percent 

percent 
percent 


40.5 
757 
1.043 

41.54 
400 
15.94 

525 

6580 

0.0158 

0.993 
0.995 

1.010 
6080 

0.5 
0 

0.2 

0.5 
0.81 
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EXAMPLE 5 

riowing material, Moist air 
Given ; 



Standard orifice 
Mr.terial, V2A steel 
Actual, inside diameter of pipe 



d =; 282*8 7:1 III '^t .^0 

E 400 jara 



Ratio of areas 



11 



= n = 0.5 



Installation, standard 

Sought; Volume rate of flov/ referred to standard coiidi- 

tions, m^/hr 



Item 
No. 



1 

2 

3 
4 



5 
6 

7 

8 
9 
10 
11 

12 
13 

14 

15 

16 
17 



Motoring and (Jalculation Reeults 



I 



aage pressure of tho moist olr upstroa • froc tlxe orifice 
External air pre3s^^^e Bq ^ 

^0 

At>soluto pressure of the r.oist cir upstrenjn frora tlv, cxm.iico 
Pi 

TeLTpcraturG of tho noist air upstr^ a-a iron tho orifice t ^ 



Orifice I 

i 

370 i 
759.8 i 
10,330 j 

i 

10,700 i 
60 ! 



Relative hunidity cp 

Donsity of the saturated water vapor (at t^), 

Density of the water vapor (at its partial 

prosGuro) cp 7jj 
S.atur:\.tion pressure Pj) of the water vapor at 

t^ (iron Knoblauch's Stean Tables, 1932) 
Partial pressure of tho vapor in thn r.ioist air 

(approxir.-ately) cp Pj) 
Partial procsuro of the dry air constituent 

Density of the dx*:/ vlr constituent (irou equa- 
tion 9, Data Shoot 0)7 ^j, 

Donsity of tho noist air 'Ytr cp 

Differential pressure (acasuror! at 20 C) h 
Differential pressure }\ P^:. - h7 

P, - Po 354 
Ratio of pressure --^-^ — ^ = IOtco 

Expansion factor c , fron Data Si^Out 6 
Discharge coefficient a, fron fijjurc 22, 
Data Sheet 5 





. . i 


0.70 


1.00 : 






- — 1 


: 




0.1301 


0 . 1301 


0.1301 




0 


0.0911 


0.1301 




2031 


2031 


2031 




0 


1-422 


2031 




10,700 


9278 


8659 




1.097 


0.951 


0.889 




1.0S7 

254 
254 


254 


1.019 ' 
254 
854 




0.0235 


0.C235 


0.0235 




0.923 


0.99S 


0.993 




0.696 


C.596 


0.696 
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Iteir 


J - 


1 




CD 


1 


No. 






0 


0.70 


1.00 


18 
19 


Correction factor for pipe roio^-hness 
Correction factor for lack of edge 


— 


-- 


— 


— 


20 


sharpness, from Data Sheet 5 
Correction factor for the effect of 
Viscosity, see (25)* ; (Ksj) > Eej) 


— 








21 


Diameter of the orifice at measurement 
temperature d i 


mm 


283.1 


283 . 1 


283.1 


22 


Volume rate of flow of moist air \inder 












measurement conditions, from Q, 


ra^/hr 








23 


equation (7), Data Sheet 3 
Vol-uniQ rate of flow of the dry air con- 


10,550 


10,820 


10,950 


24 


stituent at the partial pressure of the 
air, Pj^- cp P]) and t 
Volume rate of flow of tVift Htv aii* pnn— 

stituent landor standard conditions 


m=/hr 


10,550 


10,820 


10,930 




(00 C. 760 nrnHfe). Qj; = Q ^ 

N 


Std. 

m^/hr 


8,950 


7,950 


7,530 


25 


Reynolds nutoher Rojj in which 'H is 

assumed for dry air (since fig. 29, 

Data She3t 7, is not sufficient to 










26 


allow the calculation from equation (13) 
Reynolds number at the tolerance limit 
Rej 




500,000 
170,000 


400,000 
170,000 


400,000 
170,000 




To 1 e r anc o s 










27 


Basic tolerance for a, from Data Sheet 5 


percent 




0.5 




28 
29 
30 


Tolerance for pipe roughness, from Da,ta 
Sheet 5 

Tolerance for lack of edge sharpness, 

f rnin TiatA. SlTP^t; 

Tolerance for € , from table II 


percent 

L/L>X Vrf Oil V 




0 

0 
0 




31 


Tolerance for reading the differential 
pressure on the U-tubo manometer for 










32 
33 


v^i ?2 (assumed) 
Tolerance for (assumed) 
Total tolerance of the measurement 


percent 
porcont 




0.5 
0.6 




•J (Itora 27)%- (Item 3of+(Itom 3lf +(ltom 32)^ 


porcont 




0.93 





*Reference 25. 
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?. IlIDEX 



Ho . of p r a raph 



Accepts n c o r, t a n d a r d s 
Added pip 0^5 
A n nu I a r c han "bora 
Areas , ratio of 



ir^l to 
I'l-, 43, 76 



Balance, rin^ 
Bell float nanonctcrs 

Calcalation, of dischar-^c 

, of the o.ianoter of 
the opcnin-^; 

, of the tolerance 
Capillarity offocts 
Centering of the throttling; device 
Characteri ratios of natericls 
Colioi dal r:olut icnn 
Con'binins crrorr. , law for 
Conpre r. sioi lit7 factor 
Conden nat e , rnearj-ar enient 
Condensin.^ chambers 
e 0 nne ct ill li ^le?. 
Cent ra otic n factor 
CorrectioriS (see Edge sharpness. 
Pipe ro-'i^hness. Viscosity, etc.) 

Deu?5i ty 

I^eTiations from the standard 

L i an e t e r of c o n i n^ 

Diaphra-iijri differential presfsure irietcr 
Differential pres sure 
Differential pre{::s\ire meterr, 
Di schar^^e 

Di 13 char^je coef f i ci ent 
Dif^persion^ doiTroe of 
Di fit urhancers of inp-tallations 
D u r. t - c c n t a i n i n ^ ? a n e s 



54- 



54 



1:^1 



6#/ 12S to 130 



151 

43 
, 55 
.112 

25 

11 
, 60 

66 
141 
1:^3 
1?2 

B7> 



61 



44, 45 



6 4 to 69 

40 
124 
51 to 63 
111 tc 115 

4 

48 and 49 
11 



Ed^^e sharpness 
Slho wn 

Sn^ler de£;rces. 
Errors , la\v for 



17, 52 to 



54 



conver^^ion of 
com ui nin^^' 



Examples (for vrater, air, superheated 

stean and inoist ^^ascs) pp. 31 to 



54, 50 



r^7 



5 
7 
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::o. of ■::jn.r^.^r/vr:h 

Expansion factor 54 to 60 

rioat manometer 1?0 

Plow 12, 1? 

G-askets 25, 95 

Inlet of pipe, neasurement at 96 to 102 

Installation 24 to 36 
Installation, di sturliances 

, len^jth ?0 

Law for comlDinin^ errors c, 5i, 60 

Manonr.t err. , "bell float 123 

, flo?^,t 120 

Moacuren^int , at inlet of pipe 96 to 102 

, .^-t outlet of*^pipc 96 to 1C2 

, of condensate ir^i to 141 

, of stean ir^l to 141 

l/Ioisturo in ^ases oQ, c5 to 90 

Mounting ring 22, 95 

Mud-containin-? fluids 9 



Iloncylindri cal pipe 27 

Nozzle, sec also Standard noE^sle 

, diEchar^e ed^e 21 

r^ee also protective rim 

, manufacture 15 

, ran^e of use 14 

, shape 14, 15 

Opening;, diamnter of 40 

Orifice, see also Standard orifice 

, ed^e sharpness 17, 52 to 51 

, r^anufacturc 17 

, ran^e of use 16 

f shape 16 to 13 { 

Outlet of pipe, -neasurenont at 96 to 102 j 

i 

Pipe, diameter of 27 | 

, expanding 95 j 

, noir-cvlindrical 2 7 | 

, roducine; ^,1 j 
, rou^hnef^s of 23, 47. 50, 51, 54 1 

Pipes, added 2o 

Poi se , conver rdon 

Pressure, differential 4, 61 to 63 ' 
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52 



Jt X U o K> X U f irj d t> IX X i ii *^ ! J U X ii u 






65 




, meter » differential 


Gl, 111 


to 


115 




Pressure ratio, supercritical 




to 


106 




Pre sure s, re.tic of 




to 


106 




Presf^uro taps 






14 




Gce also Annular chambers 










ProGsurc tapo, single 






20 




Pro:»"ile, of the nozzle 


14 


an d 


15 


1 


Protective rim, of the no:!:sle 






14 




Ratio of areas 


14, 


43 , 


76 




Ratio of pressures 


1-? 


to 






Hatio of •;:)re n sure s » supercritical 


1 


to 


106 




Reynolds number ?2 and 77, 79 


to 


8 2 




Rim, protective, of nozsle 






14 




Pwinfj "balance 






121 




Rou^i;hn(::sfl , of pipe 28, 


47, 50. 


51 , 


r: A 




Separation, of feasor, and vapors 






9 




Sep-arot or 






25 




Sharpnc^^. , of orifice ei^e 


17, 52 


to 


54 


5 


Single pre^^sure tape 






20 




Space elbows 






Z2 




Standard conditions, conversion to 




59 , 


9 3 


? 


S t an da r d nozzle 




li, 


15 


1 


sec also ITozzle 










Standard orif i cc 


15 


to 


IS 




Bee alnc Orifice 










Standards , acceptance 




to 


141 




Standards, deviation fron 








6 


S t ear/i mori curencn t 


1,^1 


to 


141 j 


S t rai ^ht oni n<? vane z 








Supercritical pressure ratio 


1 :3 


to 


106 ! 



T.ipi?, presrure 
, single 

net; al^-o Annulnr ch-.n'bors 
TDrapor^,turo raeasurin^? point 
Throttling device 
TQler-^nce lirr.it 
TolcrT-ncc ? 



45 
54 



55 , 

, 46 
, 59 



14 

2D 

5 

, 60 



5 
5 



Y-'Itc g 
Vi SCO sity 



G , 55 , 70 tc 



if c,rt.3 fixtures 



34 
73 
71 



2 
7 



T ran n 1 at i 0 Tx oy Ly n an I' . 7.-. n d e r py 1 , 
Pitt sburs'h Bqiiitable Hetor Co. 



VDI no* Meter 
Stendard 
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NOZZU AMD ORIPICC FORMS 



D»te Sheet I 



A. Steaderd preeoriptiona for the form and preaaure tape of ataaderd aoailea and 
(See ^ 14 to 23). 



orifioea 



rO,md. 













- 1 





I 




Turn out L 

to D r 



Fig. 2 



ft* 
e 



9 




I 



^0.02 D 

- % 0,1 D 



Standard noasXe for ■<0.45 Standard noaale for ■^0.45 Standard orlfi 

d« Non-obligatory exaaplea of aanufaoture, 
applicable to nOBslea and orifioea 



Sharp edge 



F^g. 4 

Seefl'lS 
in teit 



tto aetering 
apparatua Section A-B 




Wg. 9 



o. For pipe diaaetera below ?0 ea (aee f) 2^) 
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NBCfiSSARY LBNGTWS OP STRAIOIT PIPK 



DatA Shaat 2 



A. Neo«B8ary dieturbanoo-f roe lengtha of straight pipe(in pipe dlaa«tora D) 
aa a function of n, with elbows and valvea near the orifice 




Einzelanbohrun>? - Single pressure' tap 
Hingkaumer - Annular chamber 
E. in Vielfachen von D - £ in pipe diameters D 
A in Vielfachen von D - A in pipe diaaeters D 



Necceaary ftturbance-f roe straight lengths of pipe 
(in pipe diamctera D) between throttling device and 
gate valves for different ratios of area of the valvi 



^f^Jh-*"^ Nozzle I Orifice 

or the vaive^ » 



0^ 


<«« 

.» 


0 






0.8 


■JD 

T 


»!» 


» 


» 



1 J 10 1 M IS 

3Ml 



I Oil . ' •> . li>;io 



, _,Z3;at K 



i\ i 1 • 5: 6 



t/y Z area of the o^nintf of 
the valv t/ijrodB-aectionai 
area of the pipe, (approxi- 
mately - ut't of gate/ total 
possible lift). 
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FORMULAS 



Abb. 16 



C3enar«l formulas^ for liquid*, 
•nd vapors (aeofj^?) 




O 1J015 



gaaea 



S-0.0f25Zcced''}j^yp^'Pi [kg/h] (1) 
Q-0.0K5Z K £ d^-^^y^ [m.3/h] (ZJ 

B. 









/ 

^ . 


— 




















a 













•) Krupp & 
V5II at**! 

b) C»Bt ate*!, 
dray e««t iron 
i mr^ug^t iron 

o) Niokel 

d) EM braaa 

•) iCrupp V2A St**! 

f) AlualnuB 



Te«poraiur« Tj 



D. 



For other 
see 



o) 



special fomulaa 
If the differential preaaure ia not neaeured 
in ■illinatera of water, P, -P^-hfyj^-'y') (J) 

^* *SL.5« •ubttitutod in equAtiona U> wid (2). 
Kor 73| and ^'aae Table 2. 

a) Kor liquida^ ^ - ] 

For water with 7; » T^s i kg/l and with nercury 
at 200 c aa the nanoneter fltaid (for other torn- 
peraturea, aee Table 2)i 

S^tmccd^yn. Ikg/h] 

b) for dry atean 

With meroury and water at 20O C in the nanoaeter: 

Tabli ®^ ■*no«oter fluids 

i*'or gaaes 

7-'ia uaually negligible ooapared with^j'. -o that 

8'0,on52 cc £ d^rf^^\^ [kg/h] (g) 
Q'0,07Z52cc £ d^}^]^ \h [mijh] (7) 

Formulae f or "it^/--*^ ' 

/7 ia taken from tables (see Data Sheet 7) for the 
proper working condition or is oaloulated from the 
equation of atate: 

a) Kor dry gaaea: 

b) For gaaea mixed with dry water vapor: 

termined from the flowing fluid, by me an a of aamDlee 
or with the denaity meter, and concerted to the 

eervio© conditiona. 

Conversion of the measured gas volume Q to the dry 
■ tate snd standard conditions.^ 



Fig* 17 - Temperature oorreotion for 
the area of the opaning. 



ApproiiMte equitlon .ith h.lf th, srror of Kij. 18. 
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FORIiUUS 



Dftta Sheet J 
(oontinuedj 



G Height of floe {kg/hr) 

Q yol}mmr%%9<»f flow (eVhr) et Beeeureaent 
oonditioai P^* T^. 

CL Voliuie rete of flow {m^/hr) mX etenderd oon- 

a( 
. 1 



h 



ditions T 

n u 

01 ■Cher ge ooeffioient fro* Oete Sheet 
Ixpeaeion f eotor froe Date Sheet 6. 
Density of the meter 1*1 (kg/s^) at Beeeure- 
sent coadltione T^, 

Speoifio voluBe of the materiel (aVkg) et 
KeesureBent oonditioae 

Differeatiel preeeure (kg/e^ « (bb of water) 

Diaaeter of the free opening of the throttling 
devloe (bb) et BeaeureBent oondition T^m 

Diaaeter aeaaured at 20^ C (bb). 

d2 s d^Q^ . k (See Pig. 17). 

Differential preaeure aanoBeter reading (bb)« 
Density of the aanoaeter fluid (kg/l). 
Deneity of .the iiaterial in the linee to the 



ity or ^ the aal 
aeter (kg/l). 



P« 



K 

Pn 



p. 



Deneity at standard oonditions* 

Absolute pressure at standard oonditlons* 

Absolute teaperature at etandard oonditiona* 

Teaperature at aeaaureaent ooaditlonSa 

Factor for the deviation froa the ideal gas 
law froa Data Sheet 9« 

Deneity of the dry gas at the partial preaeure 
under aeaaureaent oonditione ^^'^^ (kg7a3). 

Saturation pressure of water viq^or at 
(Partial pressure of the water vapor s 

</ Pd (kg/a2)). 

Relative huaidity, the ratio of the weight of 
water vapor to the weight of water vapor at 
saturation under aeaaureaent ooaditioae 

Pv (kg/kg). 

Osnsity of the saturated water vapor at 

Pp (kg/-*). 

Absolute preasure at the standard pressure tap 
location upetreaa froa the throttling devioe 

Absolute pressure at the standard preissure tap 
location downstreaa froa the throttling devioe 

(kg/a2). 



Table 2 







Values of the 
oonstant of 






W) 




W 


(5) 


0 


73,596 


%Q00 


72,596 


7, HQ 5$ 




10 


13,577 


7,000 


72^71 


7,mi 


o,o*mi 


w 


13,5H6 


0,998 


fZ,5fS 


7,¥029 


Q,0n36 


X 


73,521 


0,99$ 


72,526 


1,*Hm 


0,ows 


fo 


73,¥97 


O^Z 


12,505 


7, WO 5 


0.09^29 


5C 


13,m 


0,988 


72,H5 


7,399f 


0,0¥¥Z5 















Ai 
















r 




Co, 


h 


E 






1 










— 




and 1 ata. 

i 1 


abs 

1 


I 





at o.f o,s 0^ ijo ti tf ts likglin} 
! 

Pig. IB - Dsviation of the deneity of the 
saturated gas at 1 ataoephere 
absolute and at 0 to 9^ C froa 
that of dry gas. 
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DffTKRMINATION OP DIAilETKR OK THB THROTTLING , 
DEVICE THROUGH THK DBTfiRUIN ATION OF ^ 



Dftt* 3h«et 4 



d 



% 




QJS2 

m 

0,78 
0,7$ 



^ 0,72 

4* 

d 

s 

3 0,70 

Vi 

5 0,68 
« 

If 

8 

Ojsz 
OfiO 
0,59 

















































































Pig. 20 

[)vt«ninatloo of « Oifor the stwdArd frif ^oe. 
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O^for wooth pipe end sharp 
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DISCHAHOB COBFTICIKNl'S, ADDITIONAL FACTORS, A>ID TOLBRANCKS 
K>R STANDARD NOZZLES AND ORIFICES 



Date ShMt 5 



V8 



o 

•H 



-7,02 





21 






































































m 






















0,05 






















- 0,10 
0,15 


qm- 

d,S33 




















' 0^0 
025 


o,sss - 

1007 




















- 0,30 
035 


1,016^ 
%0£8 














— 






0/*0 


%0k1 
1PS9 




















'& 


1.081 
1,108 - 
1,%Z 
ii/t.1 






















60 










— 




— 
















































































i 

1 





















































































































































^7 



Ratio of Areas ^ 



toe 



1,01 



ITT 



Correction factor 
for pipe roughneae 
^ (aeefl28, 47) 

1 L I 1 L 





^^^ |(g}^ijelow the toIeran7e~nrijj£ i;j;:^ 
•1 ! I I I Above the tolerance limit 

0 0,1 0,Z 0,3 0,H 05 0,6 



i ? 

' % 
1 



Additional toleraaoe for 



<D 



pipe roughneaa (aee 47) T 




C 0,1 0.2 

fiOrh;; i'he correction factor a are to be conaidered 
*npar&tely, the toleranoea are to be set to^i^ther 
according to the law for ooabinin^ errora. 



4» 


f 

~ Fig 


r 1 
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, 22- 






(- 


efl 48) 










A* 
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On 








(m 

0.f 


Hoj 
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4» 


am 

e4ii - 




























om 




























AO* 
049( 


















4* 








0.9 


a«rr 

0^ 
























AS 


opt 


















Osr 








AM 

Hf 


0,nt 
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(im 
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T 
























-r 















9,1 



H9 



n Correction factor for 
pipe roudhnesa 
(aeeTl28, 5I) 




a 

o 



a 



^ Baeio tolerance (aee 44, 49) — i— i - 



♦> 

e 

♦* 

a 

o 



,Above the tolerance limit . 



Ad diti on a1 tolerance for 
pipe rou^haeaa (eee<f^ 




Additional tolerance for lack 
■j^\^^t edge aharpneae (aee^ 53) 




latio of areas ^ 
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EXPANSION FACTOR FOR 8UPERHKATED ST8AM 
AND DIATOUIC GA8B8 



Ihtm Stmmt 6 



km EzpAnalon fftotor f ^ «■ • function of the differential preaeure and the abeolute preeeure* 



JtixMple: for 200 wi (Hg - H^O) with 
Pj s 1 eta. ■ : 0.5 i 



(8uperh( 



heetod Steea) 




Kig. 26 
^ S 1.4 
(diatoalo Aaaea, air) 



ftipanaion faotor 

baapla: for 100 am Hg with p^ - 
1 ata. and a s 0*5 



m ioo 2*iO m no 



Differontial preeaure» aa (Hg- ti^O ) 




^ W » f20 ISO iOO »0 
Diffarential praasure, aa Htf 



B. f aa a funotion of the ratio of the dif f areatial praaaura to tha abaoluta praaaura and for 
greater ezpanaiona. (For other valuaa of aao Fig. 5 in the text). 




NOTES The toleranoee for €^ are to be taken f roa^^^ 57 and ^ of the text. 
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GHARACTBRISTICS Of MATBRIALB 



T»bl« 3 



DsnsltyT^ and djnuaiQ vlsoosltjr 7^.10^ 



Table 4 






r. ^ 














O^C/7tOmmVS 


-JO"* 


0" 


+50 *• 






300° 


Air 


f.m 






tf7 


2M 


V7 


2,65 


SJ!>3 


Qa 


1^ 


f.4lf 


in 


1M 




151 


IH 




M% CO 


i.m 


V50 


1,S5 


1,70 




2,17 


2,57 




C(h 


i.m 


f,J77 




1M 


1M 


1A9 






HHz 




0,77f 


OJ^ 


OM 


1,15 


1,M 






Ch 




1^20 


f.is 


uo 


1A0 


1.72 






ffi 


0.0909 


0,0099 


0J02 


0JS9 


0,99 


1J09 


1,2€ 


1M 


CMa 




0,717 


0,95 


1,05 


U2 


1*0 








f,M7 


1.539 


1,07 


1,20 




1M 






' t'lekttoff 




Ui7 














>-Vapor 








V 


Calculated 





-ror othar taohnloal gaaaa, aaa DIN E1871 k 11872. 





-20 


-10 


0 




+20° C 


l) of gaaea at tba aaturatioa 




1,11 


1.1 i 


1.19 


US 


1.3* 




1,55 


1.70 


1.77 


1A7 




30-2 




1,1* 


1,25 


1.39 


1M 


2) of liquiflad gaaaa. 






25J5 


25.0 




23A 


22.$ 


C(h 


12 


ll.i 


10J 


9 


7.2 


S(h 




44,4 


59a 


33A 


27J9 








193 


133 


K3 



^ - NoBOgrapfa ___ 
uataniiiiiag the Rayaolda 




givan in kg/hr» Q in 



,^ If tha diaobarge 0 U « 
■Vhr^ or €^ln noraal a>hr 



= 35* ■ f 0-8 



= 354 • 



Q 

0 V 
0- 



t la expedlant to aat 

. W 

in wbioh '/ • the dynaalo viaooaity (kg aeo/a^ 

, the kineaatio viaooaity(aVs«o) 

— ^ 9 a oaloulating quantity 

D s the pipe diaaetar (u) 

29 enable a an eaay deterainatioc of^the 
nuaber to be aade graphioally \m— ^ 73 of 



Reynol _ 

the Stand ard). In ng* 29, l^ia given for ateaa. 
V for watery and for gaaee* In ualng the fig-> 
ure» rv or V ' for the aaterial in queation ia aought 
and the atart ia aade froa the laft ordinate into 
the aoaography aa the following exaaplea ahow« 

Kxaapleat 

1. Air at 20O, voluae rate of flow ^ 45 aVhr. 
Line diaaeter 0-20 aa. Pirat find tl' for air at 
20O^ horiiontally to the left ordinate and oon-> 
neot the interaeotion with the value 4^ a5/hr on the 
Q line of the noaograpfay oontinuintf the line to the 
auxiliary line ti. lYien oonneot thie interaeotion 
with the value of 20 on the D line. Prolonging thia 
line beyond H give a Ror. r 32900, approxiaately. 

2. Steaa, 9X) kg/hr at 10 ata* aba. and 275^, 
Pipe line diaaeter D m 200 aa. Find , go froa 
the ordinate, oroaaing the 0 line of the noaograph 

r 'wm^imwg point 5000, to the auxiliary line H. Then 

connect thia interaeotion with 200 on the D line; 
the prolongation of thia line givee Re^ 400 000. 

Converaion of the Poiae to Technical Unite. 
If TV.ia given in e.g. a. unite (poiee) (aa in 
Laadolt«-Bomatein), divide it by 98>1 to ocnvert to 
teohnioal unite, kg aeo/a?. 

Gonveraicn of Bhgler Dagreea to Kineaatio Via- 
ooaity. 

If the viecoeity ia given in fingler degreee, 
oonvereion ie aade with the foraula: 



toe v = 7,3^f_ 



6,Jt 



T * 



Ice aachine 
oil 
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DEVIATIONS PRCU THI STANDARD 



DfttA Sh««t 8 



km Pr«Hur* Taps Siail^r to tho Standard. 




The brokon part* of 
the ourvea in Figa. 



31 



it 52 ftpply to the oaao 
^en the lapa aztaad to 
tba face of th« tbrott- 
ling d«vloo(aa Indioatod 

for O^O^D). 



o 



8 



TTl'QS 

























0,1 0.2 



0.3 



0* (is D Gfi 



Fig. ^ - NOBilo 




US D dfi 



52 - Orlfle« 



Figa* 51 * 52 - Corraotioo faotor foro^ with praaauro tapa aiallar to the Standard aa aho»n in Fig. ^ 
at diatanoaa a^ = a^ froa the faoea of the plate In normally rough pipea (aee alao the 

oourae of preaaura in Fig* 8 of the teet)« 



Additional toleranoe 



Q5)( up to ■ s 0.4 for nosslea or 0. 5 for orlfioea 
\% for larger valuea of a for noaalea h orif ioea 



Fig* 54 - Srror Cauaed by Different XnataUation Diaturbanoea with Orifioea. 

~llaxlBun order of the Metering 



^i^i®?? T^*^ Noof-atandard Plate Thiokneaaea 
and Cylindrioal Ungtha. 



Inatalled downatreaa 
froB a tapered ex« 
pending pleoe. 



Ratio of error to be ezpeoted, t. 

(^indioatea that the f low ia 
greater than aotual^ - aaaller 
m than aotual). 




d downal 
•pared i 



2« Inatalled downatreaa 
froa a tapered re- 
ducer. 



5* Inetalled upatrean 
froa a tapered re- 
ducer. 



foot of oylindrioal 
lengtha a*. 



Correction faotor for the diaoharge coaf-^ 
fioient for noo-atandard plate thiokneaaea 
and lengtha of the oylindrioal parte. 



fiffeot of the oylindrioal length e* (upper half) 
and the plate thiokneaa a (lower hair). 

Additioftal toleranoe for tf^ ± If 



200 an diaa. 



Clf6 
0,49 



0,16 
0,49 



0A9 



qi8 
0,43 

053 



0,16 



<o,s 

0,S3 



^0^ 



, Inatalled in a pipe line 
with riveted flangea. 
(Riveta in aooordanoe with 
DIN 2604, W40.) 



'10 
-SO 



t2 



-1 



-J 



-i 



with 
noaalea 
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OOHPRIBSIBILin PACTOR K 



At high prMsuroa th« »otUAl dtasity ^d«vlfttes f roa the th«oratio«l value of the 

Ideel gee eooordlag to the get Iftw (eee^66)9 end 

In thie, K - referred to 1 etn. ebe. - le to be tekon froa the figuree below for different geeee. 





Air 



Swmnkg » Oljgea 




Hydrogen ^y ^m /h f l 
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Nitrogen 



4* 
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to 30attAs*o 
Aanoaie ^ A t unrn m 



0,t 







flehan 
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ff^Jl — ' — ^ 

0 W 









ChioL 
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\ 1 

















Uethene-e-MMM 



Chlorine ^Ckkr 



SffatffAs 




NACA Tochnlcal Memorandian Ho. 952 Figo. 1.2,3,4, 




figure ET.- Discharge coefficients ot o"" 
I % the 1930 standard orifiro as 




Figure in.- Discharge coefficients ot of the 

1930 standard noEsle as a func- 
tion of the Reynolds njiaber (referred 

to the pipe diameter £} drawn logarithmically. 
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yigB. 5,6.7,8. 




9^ 
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i — 
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I 


1 


1 1 


1 



Temperature 

jrigureVI.- Ilyoamic viscosity n of 

gases (Landolt-Born- 
stein, 1927), 



Figure V.* Sxpension factors c for any 
value of k as a function of 

(Pg/ Pl)^^^ 27 and 28 of data 

sheet 6 show £ as a function of V^J^X 
for Jc = 1.31 Md 1.4. 
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Figs. 9,10»12,13. 
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U im at 



Figure IX.- Reflidual pressure loss 

for stand&rd notsles 
&nd standard orifices in percent 
of differential presstire Pi - Pg < 




^ & 

Standard noxxim 



Pigure X.- Residual pressure loss 

for standard noisles and 
standard orifices for equal differ- 
ential pressure and for equal dis- 
cbarge. 




PiffXIi SUndsrd NosiU 
Curv# I for m — 
, 2 m — 0.36 
: 3 : m^M« 



0 0,9 0,6 d,* 0,2 0 
Ipwiog Oiafanc* of m^aturiftg petition it* twrm* of P 




Fig. Xni Sta.Tid«ra orifice 
Curvf t «or m 0,4Q 
- 2 „ m 0.60 
3 „ m - 0.70 



0,6 a* 0^ 



Pi^areB XII and Xlll.- Deviations of the pressure at the pipe »all froa 

the preseure at the ttandardited roeaenrlng posi- 
tion, expressed in percent of differentiel pressure (see also AjB. 8, 
fig. 30 to 32). 
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?igi. 11,14,15,16,17.18,19. 



Pressure tap Jocaf ions 




CouTfe of 

' —on pipe axis 



Figure XI Flow picture and course of pressure 
in throttling devices. 



t10 



UK 



I 





0 (^1 <u oi m ^ 

ftatio of ar^s m * 



Standard 
orifice - 



"1 r 



HI (U 0^ e» ofi (H0 

ftafio of areas m ' 



Figures Iir» XT, andXSQ.- Effect of a projecting 

mounting ring on the 
standard nossle and the standard orifice. 




Ratio of areae m 



0/t Q^O(klQ^Q^Q,n(lfi(lilSei:f 



ffatio Qf ormas m 



Fig'iresXZDtinir, andXH.- Effect of projecting 

gaskets on the ston-- 
dard nosrle and the standard orifice. 
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Q5 



0,7 



Throttling devices 

Fig. X\I 
Fig. XXII 
Fig. XXTII 



2» 



tor AV/> 
4(100 to 100 000 

:mioo to 100 000 
:M)00 to 100 000 
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Figure XX. Vabaee of -^J^ 

ae f-uiictione 

Pp / Pi S ^ ^ 
1,31 (for recalculation to 
k 5= 1.41, see 102) . 



and for approx. 
0.:^ to 0,4 
O.H) to 0,25 

< 0,2. 



Figures Xn, Iffl. and itSlU-. Sypes of throttling devices reaaiieiribledl 

for small Reynolds numl:»erB. 
Figure in - Standard norzle without cylindrical throat 
FigureKIf - Double-bevelled orifice with rounded approach edge 

and sharp middle edge, 
FigurcSHT- Double-rounded noszle. 



FigureXOyi Arrani^ement for double -pre 8S\! re 
type Independent of each other. 
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